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Ali Working Parts 
Contained in Removable 
Barrel—New Barrel 


Installed in Jiffy 


MATHEWS 


HYDRANTS 
Made by R. D. Wood Company 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manvfacturers of “Sand-Spun” Pipe (centrifugally cast in 
sand molds) and R. D. Wood Gate Valves 


@ The barrel, containing all 
the working parts of the hy- 
drant, is readily removed for 
inspection or for repair by 
simply unscrewing from the 
elbow and withdrawing from 
the protection case. No ex- 


cavating. 


@ This exclusive Mathews 
feature eliminates any need 
for repair work on the job. A 
spare barrel can be inserted 
in a few minutes and the 
broken barrel repaired in the 


shop. 


@ With automobile accidents 
breaking an increasing num- 
ber of hydrants, this speed 
of replacement is of  tre- 
mendous importance in main- 
taining community fire 


protection, 


No Other Hydrant 
Offers So Many 
Essential Features 


Compression type valve prevents 
flooding » Head turns 360° « Re- 
placeable head « Nozzle sections 
easily changed « Nozzle sections 
easily raised or lowered without 
excavating « Protection case of 
“Sand-Spun’’ cast iron for strength, 
toughness, elasticity e« Operating 
thread only part to be lubricated 
e All working parts contained in 
removable barrel « A modern bar- 
rel makes an old Mathews good as 
new e« Available with mechanical- 
joint pipe connections 
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according to 
your requirements 


Whether your daily water consump- 
tion demands be 3,000,000 gallons or 
hundreds of times that figure, Lock 
Joint Pipe Company is prepared to 
provide the supply line you need. 

In the last few years the Company 
has supplied not only hundreds of 
miles of large diameter pipe but also 
more than a million feet of 16” to 24” 
pipe for municipalities and industry. 
This has been made possible through 
the establishment of three permanent 
manufacturing plants. Lock Joint 
Concrete Pressure Pipe from 16” to 


42” in diameter, produced at these 
plants, can be shipped economically 
to all parts of the country for major 
instailations and minor extensions. 

Our representative will be glad to 
discuss with you any water supply or 
transmission project which calls for 
pressure pipe 16” in diameter or 
larger. You will find that Lock Joint 
Concrete Pressure Pipe’s superior 
characteristics of long life, contin- 
uous high flow and negligible upkeep 
will recommend it above all others 
for any permanent installation. 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P.O. Box 269, East Orange, N. J. 
Pressure Pipe Plants: Wharton, N. J. 


Turner, Kan. * Detroit, Mich. * Columbia, S. C. 
BRANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. + Denver, 
Col. « Kansas City, Mo. + Valley Park, Mo. e Chicago, IL 
Rock Island, Ill. + Wichita, Kan. + Kenilworth, N. J. + Hartford, 
Conn. « Tucumcari, N. Mex. + Oklahoma City, Okla, « Tulsa, Okla. 
SCOPE OF SERVICES—Lock Joint Pipe Company spe- 
cializes in the manufacture and installation of Reinforced 
Concrete Pressure Pipe for Water Supply and Distribu- 
tion Maine in a wide range of diameters ae well as Con- 
crete Pipe of all types for Sanitary Sewers, Storm Dreine, 
Culverts and Subsqueous Lines. 
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any meter 
worth repairing 
is worth 

repairing 
well... 


It takes a little longer and 
costs a little more to make a repaired 
meter register 90% or better at /y gpm. 
But it is time and money well spent — 
it will be quickly returned in added 
revenue. 


The fact is, about 13% of domestic 
water use is at less than '/2 gpm. — or an 
average of about '/, gpm. Perhaps your 
shop doesn’t test at that rate. Maybe 
you feel it takes too much time — ties a 
man up too long—and you can’t afford it. 


But you can—and you should—afford 
it. You lose too much when you don’t. 
Many water utilities have proved this 
for themselves — the savings come not 
only in increased revenues but in de- 
creased pumping costs—neglected leaks 
are repaired. 


The time to insure best test results for water meters 
is when you select them. Buy Tridents and you buy 
sustained accuracy, ease of repair, maximum revenue. 


NEPTUNE METER COMPANY 


50 WEST 50th STREET © NEW YORK 20, N.Y. 


ATLANTA + BOSTON + CHICAGO + DALLAS + DENVER + LOS ANGELES + LOUISVILLE + NORTH KANSAS CITY + PORTLAND, ORE. + SAN FRANCISCO 
NEPTUNE METERS, LTD., LONG BRANCH, ONT,, CANADA 
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“Dressing The Diver,” lithographed on stone for U.S. Pipe and Foundry Co. by john A. Noble, A.N.A. 


Our FLEXIBLE JOINT PIPE is highly 
regarded by water, gas and sanitation engi- 
neers for dependable service in submarine 
lines. For many years, it has been used 

in notable and difficult installations 
throughout the nation. 


U. S. flexible joint pipe in all sizes, and 

pipe 30-inch and larger with other types of 
joints, are made by the pit cast process. Our 
pipe, 2-inch through 24-inch, is cast 
centrifugally in metal molds with bell-and- 
spigot, mechanical joint or piain ends. All of 
these types of pipe and joints are widely 
used for water, gas, sewerage and industrial 
service and are readily available to 

meet your requirements. 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U.S.A. 
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COMING MEETINGS 


Vol. 45, No.1 


AWWA SECTIONS 


Feb. 11-13—Indiana Section at Lin- 
coln Hotel, Indianapolis. Secretary, 
G. G. Fassnacht, State Dept. of Health, 
1330 W. Michigan St., Indianapolis 7, 
Ind. 


Feb. 17—New Jersey Section Winter 
Luncheon, Essex House, Newark. 
Secretary, C. B. Tygert, Wallace & 
Tiernan Co., Inc., Box 178, Newark 1, 


Mar. 18-20—lIllinois Section at La- 
Salle Hotel, Chicago. Secretary, J. 
Leslie Hart, Western Sales Manager, 
U.S. Pipe & Foundry Co., 122 S. Mich- 
igan Ave., Chicago 3, III. 


Mar. 19—-New England Section at 
Statler Hotel, Boston. Secretary, 
George G. Bogren, Partner, Weston & 
Sampson, 14 Beacon St., Boston 8, 
Mass. 


Mar. 23-25—Southeastern Section 
at Dempsey Hotel, Macon, Ga. Secre- 
tary, T. A. Kolb, 89 Alexander St., 
Charleston, S.C. 


Apr. 6-8—Canadian Section at Stat- 
ler Hotel, Buffalo, N.Y. Secretary, 
A. E. Berry, Director, Ontario Dept. 
of Health, Parliament Bldgs., Toronto 
8, Ont. 


Apr. 16-17—Nebraska Section at 
Cornhusker Hotel, Lincoln. Secretary, 
E. Bruce Meier, Asst. Prof. of Civ. 
Eeng., Univ. of Nebraska, Lincoln, Neb. 


Apr. 16-17—-New York Section at 
Mark Twain Hotel, Elmira. Secre- 
tary, R. K. Blanchard, Vice-Pres. & 
Engr., Neptune Meter Co., 50 W. 50th 
St., New York 20, N.Y. 


Apr. 16-18-—Pacific Northwest Sec- 
tion at Multnomah Hotel, Portland, 
Ore. Secretary, O. P. Newman, Exec. 
Vice-Pres., Boise Water Corp., 
Idaho. 


ise, 


Apr. 16-18— Arizona Section at San 
Marcos Hotel, Chandler. Secretary, 
M. V. Ellis, Supervisor, Sewage Treat- 
ment Plant, Phoenix, .\riz. 


Grand Rapids, Mich. 


AWWA. 


AWWA ANNUAL CONFERENCE 


All reservations will be cleared through the AWWA office. 
hotels have agreed to accept no reservations for the 1953 Conference 
except as they are requested on the standard form, through the 


May 10-15, 1953 


The 


(Continued on page 10) 
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STEPS TO 


BETTER WATER 


ony 


WATER CONDITIONING 
HEADQUARTERS FOR 
40 YEARS 


PERMUTIT PRECIPITATORS — For coagula- 
tion of turbid or colored waters and for 
softening hard waters. Uniform upward 
filtration through sludge blanket saves 
from 10% to 40% in chemicals... up to 
50° in space and 75% in time. Available 
in horizontal or vertical designs, in single 
units or batteries, with unit capacities up 
to 10,000,000 gpd. 


PERMUTIT ZEOLITE (Ion Exchanger) 
WATER SOFTENERS-Simplest method 
of removing hardness to any required 
degree. Completely automatic operation 
assures uninterrupted service and reduces 
operating costs. Supplied in single units or 
batteries to fit all requirements. 


® 
PERMUTIT SPIRACTORS — New principle 
~catalytic precipitation—shortens deten- 
tion time, eliminates sludge disposal, saves 
steel, floor space. No moving parts. Total 
reaction time is 8 minutes. 


PERMUTIT MONOCRETE UNDERDRAINS 
Rugged monolithic construction. Non- 
corrodible, easy to install. Large laterals 
and header assure uniform collection and 
distribution of water. Laterals are formed 
by specially designed inflatable rubber 
tubes which are removed after the con- 
crete is set. 


For full information on these and other 
types of water conditioning equipment, 
write to The Permutit Company, Dept. 
JA-7, 330 West 42nd Street, New York 
36, N. Y., or The Permutit Company of 
Canada, Ltd., 6975 Jeanne Mance Street, 
Monreal. 


J 
PERMUTIT 
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COMING MEETINGS 
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Coming Meetings 


Apr. 22-24—Kansas Section at 
Broadview Hotel, Wichita. Secretary, 
Harry W. Badley, Repr., Neptune Me- 
ter Co., 119 W. Cloud, Salina, Kan. 


Apr. 24-25—Montana Section at 
Kalispell Hotel, Kalispell. Secretary, 
Arthur W. Clarkson, Asst. Director, 
Div. of San. Eng., State Board of 
Health, Helena, Mont. 


June 17-19—Pennsylvania Section 
at Hershey Hotel, Hershey. Secre- 
tary, L. S. Morgan, Div. Engr., State 
Dept. of Health, Greensburg, Pa. 


June 17—New Jersey Section Sum- 
mer Outing and Inspection of Johns- 
Manville Research Center, Finderne. 
luncheon at Martinsville Inn, Martins- 
ville. Secretary, C. B. Tygert, Wal- 
lace & Tiernan Co., Inc., Box 178, 
Newark 1, N.J. 


OTHER ORGANIZATIONS 


Jan. 19—Series of three two-week 
courses in Radiological Health Pro- 
tection at Cincinnati, Ohio. Details 
from Chief, Radiological Health Train- 
ing Section, Environmental Health 
Center, 1014 Broadway, Cincinnati 2, 
Ohio. 


Feb. 2—4—Short Course in Indus- 
trial Instrumentation at College of En- 
gineering, Univ. of Florida, Gaines- 
ville, Fla. Details from Prof. R. C. 
Specht. 


Feb. 2-6—Short Course in Corro- 
sion at Univ. of California, Berkeley, 
Calif., in cooperation with National 
Assn. of Corrosion Engineers. De- 
tails from University Extension. 


(Continued from page 8) 


Feb. 17-19—American Concrete 
Inst. at Statler Hotel, Boston, Mass. 
Details from institute, 18263 W. Mc- 
Nichols Rd., Detroit 19, Mich. 


Feb. 19-20—Ohio Water Clinic at 
Ohio State Univ., Columbus 10, Ohio. 
Details from Kenneth W. Cosens, 
Assoc. Prof. of Civil Engineering. 


Mar. 16-20—National Assn. of Cor- 
rosion Engineers at Chicago, Ill. De- 
tails from A. B. Campbell, Executive 
Secy., 1061 M & M Bldg., Houston 2, 
Tex. 


Mar. 18-20—Short course for water 
and sewerage personnel at Louisiana 
State Univ., Baton Rouge. Details 
from John H,. O’Neill, Director, Div. 
of Public Health Eng., State Dept. of 
Health, Civil Courts Bldg., New Or- 
leans 7, La. 


Mar. 23-27—Western Metal Expo- 
sition and Congress, Statler Hotel, Los 
Angeles, Calif. Details from William 
H. Eisenman, Secy., American Society 
for Metals, 7619 Beverly Blvd., Los 
Angeles, Calif. 


Apr. 6-30—Lectures on prestressed 
concrete, Monday and Thursday eve- 
nings at Newark College of Engineer- 
ing, 367 High St., Newark 2, N.J 


Details from Special Courses Div. 


Apr. 20-21—Industrial waste dis- 
posal regional conference at New Or- 
leans, La. Details from H. M. Con- 
way Jr., Director, Southern Assn. of 
Science & Industry, 5009 Peachtree 
Rd., Atlanta, Ga. 
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When water wells 

and pumps fail, slow up 

in production, or need any kind 
of service, Layne stands ready 
to answer your call with the 


world’s largest stock of parts — 


and supplies—and the biggest 
staff of well trained and fully 
qualified service men. 


Layne can and will do your 
work with less loss of 
time and with more 
efficiency than smaller companies 
can offer. Such know-how and 
efficiency keep costs lower. 
If you want a service report 
on your well or pump, 
address 


LAYNE & BOWLER, INC. 
General Offices, Memphis 8, Tenn. 


WATER WELLS 


VERTICAL TURBINE PUMPS — WATER TREATMENT 


12 P&R 
NEED fa 
| 


Jan. 1953 


4 


DE LAVAL | 


Ten De Laval centrifugal pumps, 
with a total capacity of 34,000 gpm, 
play a vital role in the deluge fire- 
fighting system of the New York 
International Airport at Idlewild, 
Long Island. 

The installation is compoced of 
two 2,500 gpm and-three 4,000 gpm 
motor-driven pumps as well as two 
2,500 gpm and three 4,000 gpm diesel- 
driven units, which are used for 
standby service. When the normal 


JOURNAL 


AWWA 


on the job at Idlewild 


operating pressure drops from 165 
psi to 140 psi or less, the electric 
pumps go to work automatically. The 
diesels are brought into service as 
necessary. 

Efficient De Laval centrifugal 
pumps are serving water works and 
fire-fighting stations all over America. 
These pumps are available in capac- 
ities ranging from less than one mil- 
lion gallons per day to more than 100 
million gallons per day. 


ENA Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey 
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THE MEMBERSHIP 
C.I.P. Century Club now has 
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DISTINGUISHED CLUB. 


43Members 


The Cast Iron Pipe Century Club 
is probably the most unusual club 
in the world. Membership is 
limited to municipal, or privately- 
owned, water and gas supply sys- 
tems having cast iron mains in 
service for a century or more. 


Although the Club is formaily 
constituted, there are no dues, no 
regular meetings, and no obliga- 
tions other than to inform the 
Recording Secretary if and when 
the qualifying water or gas main 
is taken out of service, or, sold for 
re-use. 


In spite of the unique require- 
ment for membership, the Club 
roster grows, year by year. And 
why not, when a survey sponsored 

; y three water works as- 
sociations, indicates 

that 96% of all 6-inch 

and larger cast iron 

water mains ever 


laid in 25 representative cities are 
still in service. And when answers 
to a questionnaire, mailed to gas 
officials in 43 large cities, show 
that original cast iron mains are 
still in service in 29 of the cities. 


If your records show a cast iron 
main in service, laid a century or 
more ago, the Club invites you to 
send for a handsome framed Cer- 
tificate of Honorary Membership. 
Address Thomas F. Wolfe, Record- 
ing Secretary, Cast Iron Pipe Cen- 
tury Club, Peoples Gas Building, 
Chicago 3. Illinois. 


CLUB ROSTER 


DEPARTMENT OF WATER AND WATER SUPPLY 
City Albeny, New York 
ALEXANDRIA WATER 
jexandrie, Vir: 


me 
WATER, OF PUBLIC WORKS 

CONSOLIDATED. Gas TELECTRIC LIGHT AND POWER CO 


timeore, Marylend 
WORKS DEPT. WATER DIVISION 
Boston, Massachusetts 
BOSTON CONSOLIDATED GAS CO 
Boston, Massachusetts 
DEPARTMENT OF eg WORKS, DIVISION OF WATER 


Buffalo, New Yor 
FALL Wonks COMPANY 
Massechu: 


River, setts 
city or WATER DEPT. 

Frederick, Mory 
Gas 

City of F icksburg, Virginie 
PUBLIC stavict Commission 

Holifox, N. $., Public Weter Supply 

THE MARTFORD GAS COMPANY 


onnecticut 

MUNICIPAL “waren wor«s 

juntsville, Alebome 
BUREAU 


len: Penn 
city waren DEPARTMENT 
inchburg, Virgin 
mosne "OAS SERVICE con. 


Mobile, Alobome 


Ale 
WATERWORKS DEPARTMENT 
City of Nashville, 


ennessee 
NEW ORLEANS INC 


New Orlea: 
jew 
DEPT or “water. OAS. "ELECTRICITY 
New New 


DEPT “rustic WORKS, BUREAU OF WATER 
adelphic, Pennsylvane 
PHILADELPHIA Gas co 


BUREAU oF WATER, DEPT. OF PUBLIC WORKS 
ittsburgh, Pennsylvenie 
WATER COMPANY 
ille, Pennsylvenie 
PROVIDENCE GAS COMPANY 
rovidence, je Island 
QUEBEC POWER COMPANY, GAS DIVISION 
Quebec, Canada 
BUKEAU 
R Pennsylvenie 
DEPT. OF PUBLIC 
Richmond, Virg 
WaTer SEWERAGE DEPARTMENT 
int Joh 
DEPT oF vi WATER DIVISION 
Dept. of Engineering 
THE $ GAS CO. OF TORONTO 
‘onto, Ontorio 
DEPT 
CITY OF UTICA, — OF WATER SUPPLY 


w 
CcITy OF WATER DEPT 
Whee West Virginie 
WILMINGTON Water 
Wilmington, Deloware 
WarTer DEPARTMENT 
Cit Winchester, Virginie 
WATER DEPARTMENT 
City of Winston Solem, North Ceroline 
york COMPANY 
Pennsylvania 
waren. DEPARTMENT 
City of Zenesville, 


SERVES FOR CENTURIES 
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SOUTHERN CALIFORNIA SOFTENS WITH » | 
CHEMPRO 


Shown above is the new water softening and filtration plant of the 
metropolitan water district of Southern California. 

The plant, designed to soften Colorado River water for the use of 
Los Angeles area residents, has a total planned capacity of 400,000,000 
gallons of water per day. 

Chempro C-20 polystyrene cation exchange resin is the major 
ion-exchange resin in the softening units. 

Other resins developed especially for water treatment include Duolite 
A-7 (anion exchanger for demineralization ) and Duolite A-41 (anion 
exchanger for silica removal ). 


WRITE TODAY . . for FREE booklet outlining facilities of 
Chemical Process Company and list of anion and cation 
exchange resins available for water treatment. 


UOLITE ADSORBENT 
RESINS 
® 


CHEMICAL PROCESS COMPANY 


REOWOOD CITY, CALIFORNIA 


\ 
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You get the "BIG 


Welded Steel Pipe 
nesses (9/64 to 
1/2-inch) 


Wide Selec- 
| tion of Diam- 
eters (6 to 36 


severe conditions or lighter walls 
for ordinary service. And long 
lengths mean fewer joints. Instal- 
lation costs are lower. 

Use Armco Welded Steel Pipe 
for water supply and force 
mains. It offers ample strength 
and ductility with continued high 
flow capacity. Write for fac- 
tual data. Armco Drainage & 


(up to 50 feet) 


With these advantages of Armco 
Welded Steel Pipe it is easy to 
select the right diameter and 
wall thickness for your needs. 
You can specify heavy walls for 


(——) 
Armco Welded Steel Pipe V7 


Metal Products, Inc., Welded 
Pipe Sales Division, 1173 
Curtis Street, Middletown, Ohio. 
Subsidiary of Armco Steel 
Corporation. 


Meets 
A.W.W.A. 


Specifications 


Steel Water Pipe 


meee, With Armco 
Long Lengths 
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CALIBRATED 
TO % OF 1% 


For 1" and smaller 
U t circular dial meters 


The Clearvue Test Dial was 


TEST DIA L designed to fit °s” and %” 
meters. However, it is large 

enough to fit most 1’ meters. 

It is not adapted to rectangu- 


lar registers nor those with 
sweep hands in the center. 


By providing a long test hand over a calibrated trans- 

parent plastic dial, the Clearvue Test Dial makes it 

easy to test meter accuracy at a glance to less than 
%2 of 1%. 

Easy-operating adjustments make this the ideal 

test dial for series testing of meters on a test 

bench — one dial for each meter. Special 

instructions with each dial. 


Complete Ford catalog No. 50 


re of time and money saving 
f meter equipment. 


THE FORD METER BOX COMPANY, INC. 
Wabash, Indiana 


“7ée CLEARY 
in Meter “Vesting 
| 
FOR BETTER WATER SERVICES @ | 
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12. 16 THERE 
BRANDS OF PLASTIC 


pipe (gre higher 
for of » 


Stripe! 
CORPORATION 


te Canede: Mere ome 
10300 MEECH AVENVE * CLEVEL 


If you ore interested in piping, write today for the CARLON 

“Answer Sheet”. It presents concise, factual answers to the 22 most 
frequently asked questions about CARLON plastic pipe — what is it? 
how is it installed? . how does the price compore with other types? 
what are the recommended pressures and temperatures? .. . ete. 

In addition, the reverse side covers installation procedure with 
detailed instructions ond photographs. 


For the truth about CARLON plastic pipe 
write todoy for the new “Answer Sheet” 


riease send your new CARLON “Answer . : 
Sheet CORPORATION 
Nome Title 


Compony Proncers tn Plastic Pipe 


Street 


Canada: Micro Plastics, Ltd., Acton, Ontario 
City——________-Zone——State Export: H. E. Botzow, New York City 


10300 MEECH AVENUE * CLEVELAND 5, OHIO 
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— ve up to 80% =~ 
| of the space required a 
by “old-style” water 
treatment plants with & 
the Accelator 


...and the Accelator is built only by Unfileo! 


Proved in over 1,500 installations 
throughout the world, the space-saving 
economics of the Accelator is but one 
of the many advantages thoroughly 
described by Infilco Bulletin 1825. 
Write for your copy today. 


( N rl Lt INFILCO INC. Tucson, Arizona | Plants in Chicago & Joliet, Illinois 


BETTER WATER COND) 
Ano ne FIELD ENGINEERING OFFICES IM 26 PRINCIPAL CITIES 


Accelator-- 
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HARD DIGGING 
EASY LAYING 


T TAKES a lot of digging and hard 

labor to provide a trench for water 
pipe like the one illustrated. The rock 
had to be removed, special bedding 
installed, and backfill carefully selec- 
ted and handled; a requirement with 
any kind of water main. 


But it takes little time to install 
“Century” Asbestos-Cement Pipe 
and Simplex Couplings. 


And once installed “‘Century”’ Asbes- 
tos-Cement Pipe assures full flow 
area over the years, because it cannot 
rust and will not tuberculate. 


For nearly 40 years Asbestos-Cement 
pressure pipe has been successfully 
used as a water carrier and its strength 
actually increases. 


A worthy successor to Gunga Din is 
“Century” Pipe. We would like to tell 
you more about it. 


Write for FREE BOOKLET, “Mains 
without Maintenance’. Gives valu- 
able data, specifications, and refer- 
ence material for anyone interested in 
water main pipes. 

Nature made Asbestos .. . 


Keasbey & Mattison has made 
it serve mankind since 1873 


KEASBEY & MATTISON 


COMPANY AMBLER PENNSYLVANIA 
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MUELLER 


WATERWORKS 
EQUIPMENT 


TAPPING & DRILLING conrgnnen STOPS 
MACHINES H-10001 


} 


CURB STOPS SERVICE CLAMPS | 
No. H-10201 No. H-10496 | 


TOOLS 
No. H-10680 


GATE VALVES 


FIRE HYDRANTS 


REDUCING & REGULATING 
VALVES 
No. H-9000 


MUELLER CO. offers you a complete selection of waterworks 
distribution equipment, supplies and specialties designed and 
manufactured to high standards of quality and perfection. Write 
for catalog information on any of these product lines. 


Dependable Since 1857 


MAIN OFFICE & FACTORY DECATUR, ILLINOIS 


| 
MUELLER CO. 
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Two Eimco Filters in Sewage Plant, Waterbury, Conn. Plant con- 
struction directed by H. C. Whitlock, supervised by W. N. Kunsch. 


NEW SEWAGE PLANT DEWATERS SLUDGE 


—and Everdur is chosen for the 
Eimco Vacuum Filters that do the job 


MALCOLM PIRNIE, Consulting engineer 
of New York, designed the sewage 
plant for Waterbury, Conn. to treat 
domestic sewage mixed with indus- 
trial waste. Vacuum filtration and 
incineration were advised. 

Eimco Corp. supplied two con- 
tinuous rotary filters with swing agi- 
tators. Everdur* was chosen to resist 
the corrosive sludge effluent. All 
woven wire screens (5 x 5 mesh x 
.063” gage), division strips, bolts, 


*Reg. U. S. Pat. Off. 


specify EVERDUR An ACOND A 


COPPER SILICON ALLOYS 


nails and screws are Everdur. 
Strength, corrosion resistance, 
good working and welding proper- 
ties recommend Everdur as a dur- 
able alloy. In handling industrial 
wastes, corrosion problems are com- 
plicated. For the proper Everdur 
Alloy for your application write our 
Technical Department. The Ameri- 
can Brass Co,, Waterbury 20, Conn. 
In Canada: Anaconda American 
Brass Ltd., New Toronto, Ont. 


Strong 

Weldable 

Workable 
Corrosion-Resistant 
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PEKKUL GATES are engineered to 
RO Pekrul Model $7 Sluice Gate: meet the most rigid requirements 


36” x 48” Back Pressure for: 
Flanged Type 


Flood Cortrol 
Levees 
Irrigation 

Water Works 
Dams 

Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 
Cooling Towers 
Steel Mills 


Write for Catalog | 
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everest 


water storage vessels 


ELEVATED 
TANKS, 
RESERVOIRS, 
SPHERES AND 
STANDPIPES 


... built to all standard 
codes and specifications 
including: A.W.W.A. 
N.B.F.U. F.LA. Fac- 


"HAMMOND IRON WORKS 
WARREN, PA. and BRISTOL, PA. 


NATI 2 * CLEVELAND 15 * EL PASO * HOUSTON 2 * LOS ANGELES 14 * PITTSBURGH 19 
RICHMOND 20 * SAN FRANCISCO * WASHINGTON 6, D.C * HAVANA * “TIPSA," BUENOS AIRES a 
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Since our fiftieth anniversary in 1947, many new Roberts- 
equipped water treatment plants have been installed... 
and in the same period a number of additions have been 
made to plants that have carried the Roberts nameplate of 
dependability for many years. 

We are proud of this accomplishment; not only because 
of the total quantity of a billion gallons a day, added in 


the past five years, but because of the reports we receive 


from the men who are operating our equipment year in 


Vol. 45,No.1 


and year out. 
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“Let’s get the 
Rensselaer Engineers 
into the picture’ 


bisa 
Valve 


When it’s on the boards, whether i it be « a simple 
extension, or a modernization project for the entire 


with a totally enclosed, permanently greased gear 
box can be buried without the cost of a concrete 
pit. They can show you why critical locations should pode 


water or sewage system, it will pay you to get the 
Rensselaer Engineers in at the beginning. 
They will show you how a large valve assembly me 


TAPPING 


have the square bottom valve, why the Rensselaer ano vaive 


check valve with the adjustable spring can’t slam, 
and even how to practically eliminate pipe line 
surge by an inexpensive auxiliary hook up with the 
check valve. 
Fire hydrants that need no digging or valve shut- 
ting for traffic accident repairs, a hydrant valve 
mechanism that is easily removed for inspection, 
and a tapping sleeye that will save hours, will help 
write perpetual low maintenance into your original 
layouts, large or small, oP 


¢ SQUARE BOTTOM VALVES e CHECK VALVES 


A "SUDSIBIAgY OF NEPTUNE METER COMPANY 


Sales representatives in principal cities 
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AWATER 
SUPPLY LINE 
WITH A LONG, 


FORESIGHT FOR SANTA BARBARA 


The line you see above is the South Coast Conduit near Santa 
Barbara, California, designed by the U.S. Bureau of Reclamation. 
It utilizes over 75,000 feet of 27” and 30” American Concrete 
Cylinder Pipe and over 50,000 feet of 48” Lock Joint Concrete 
Cylinder Pipe, both manufactured especially for this pipe line by 
American Pipe and Construction Company. 


DESIGNED TO ENDURE 


Reinforced Concrete Pressure Pipe, used on this important in- 
stallation, has a high resistance to corrosion and oxidation. The 
steel, being embedded in a dense concrete wall, is not exposed to 
corrosive agencies . . . the concrete actually increases in strength 
with age. The combination of these two features produces a pipe 
of great strength and durability which, when placed in service. 
becomes a permanent installation requiring little or no future 
servicing. 


LET OUR EXPERIENCE HELP YOU 


Direct your inquiries to any of our plant offices, and be assured of 
an immediate reply . . . plus informative bulletins on the type of re- 
inforced concrete pressure pipe that will besi meet your needs. 


Concrete Pipe for Main Water 
Supply Lines, Storm and Sanitary 
Sewers, Subaqueous Pipe Lines 


P. 0. Box 3428, Terminal Annex, 
() PIPE AND CONSTRUCTION CO. ) Los Angeles 54, California 


Main Offices and Plant—4635 Fire- 
stone Bivd., South Gate, Calif. 


District Sales Offices and Plants — Oakland @ San Diego @ Portland, Ore. 
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Miniature 
Venturi Tube 
Solves 
Unusual 


Problem 


PROBLEM: Accurate measurement of low flow of a corro- 
sive process liquid through 0.375” pipe. Fluid under 20 p.s.i. 
gauge pressure at 50° F., has a specific gravity of 1.32. Maxi- 
mum flow 158.6 Ibs. per hour. 


SOLUTION: Ready-made measuring devices were reviewed 
—advantages and limitations of each type noted. No standard 
device available to measure low flow accurately under corro- 
sive conditions. 

Called in specialist in measuring problems — Simplex sales 
engineer —and outlined difficult requirements. 


RESULTS: Simplex designed and produced a tailor-made 
Venturi tube of welded stainless steel that resists corrosion. 
Interesting device—may well be smallest in industrial process 
use — throat diameter only .105”’. Machining to .0005” toler- 
ance provides specified accuracy. Unit is simple, reliable, eff- 
cient . . and accurate, 


Consult Simplex on measuring devices of unique sizes tailor-made 
for your special applications, smail or large. 


For further information write to the Simplex Valve & Meter 
Company, Dept. 1, 6784 Upland Street, Philadelphia 42, Pa. 


SIMPLEX 


METER COMPANY 


| 
®) 
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Horton Tank Cuts Peak Pumping Load 


The City of Atlanta, Ga., installed the 2,000,000-gal. radial-cone 
elevated tank shown above in its water distribution system. Prior to 
the installation of the tank, high lift pumps in{the distribution system 
were operated at 120 lbs. per sq. in. and pumping rates ranged from 
35,000,000 to 105,000,000 gals. per day. With the tank in service, the 
maximum pumping rate does not go above 85,000,000 gals. per day and 
the pumping pressure has been reduced to 115 lbs. per sq. in. during 
the night. Furthermore, the pressure in the mains in the vicinity of the 
tank now range between 40 and 50 lbs. per sq. in. compared to distribu- 
tion pressures of 25 to 50 lbs. per sq. in. previously. Write our nearest 
office for information or estimating figures. 


CHICAGO BRIDGE & IRON COMPANY 


BIRMINGHAM CHICAGO TULSA BOSTON CLEVELAND 

PHILADELPHIA NEW YORK DETROIT SEATTLE LOS ANGELES 

SAN FRANCISCO ~ HOUSTON ATLANTA HAVANA WASHINGTON 
In Canada—HORTON STEEL WORKS, LIMITED, FORT ERIE, ONTARIO 


aA. 
4 “ 
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| SAF foresight! 


Reinforce all joints subject to vibration with 


CLOW 
Mechanical Joint BELL SPLIT SLEEVES 


When ponderous trucks roar and rumble by, even our finest high- 
ways tremble with vibration . .. and so does the water pipe buried F-1200 
below! That's why it’s best to play it safe: don’t wait for a break; Pengo - 
have the foresight to install Clow Mechanical Joint Bell Split 

Sleeves as original equipment wherever the pipe must pass under 
highway truck routes or under railroad tracks. Specify them for 
marshland or under water, too—in fact, everywhere that pipe is 
not readily accessible in case of emergency. They're easy to install wise trecks un fo 8 inches; $4 end 
... no lead, no jute, no caulking! 16” sizes, up to 17 inches 


Write for circular with helpful information and illustrations 


JAMES B. CLOW & SONS 


end their Netione! Cost tren Pipe Division, 
201-299 North Talman Avenue Chicago 80, Iilinois Birminghom, Alchemea; 

subsidiories Eddy Velve Company, Wetertord NY. 

lowe Velve Company. Oskeleese, lowe 


Use these F-1200 Clow Mechanical 
Joint Straight Split Sleeves for per 
manent repairs to pipe barrels. 12° 


and smaller sizes will repair length- 
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ore than meets the eye... 


IN W&T CHLORINATORS, TOO 


Service, basic research, a complete line 
of equipment—these are some of the im- 
portant unseen things back of each W&T 
Chlorinator. 


For example, take readily available service. 
It’s mighty comforting to a waterworks 
operator to know that back of the equipment 
which guards the public health in his com- 
munity is always on call a man who’s a 
specialist in chlorinator maintenance—a 
man who’s personally interested in the wel- 
fare of the equipment in his territory—a man 
who’s an expert on chlorinator installations 
and instructing personnel in the proper 
care and operation of W&T Equipment. 


That’s what W&T’s Nationwide Service Staff 
means—perhaps one reason so many plants 


are equipped with W&T Chlorinators. 


WAT Representatives Are Conveniently 


b Located To Give Prompt Service. 


WALLACE & TIERNAN 


COMPANY, INC. 
CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
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Management Problems Today 


By Louis R. Howson 


A paper presented on Nov. 19, 1952, at the Water Works Management 
Short Course (conducted Nov. 19-21, 1952, by the Business Manage- 
ment Service, College of Commerce and Business, University of Illinois, 
at Monticello, Ill., and sponsored by the In-Service Training Commit- 
tee, Illinois Section, AWWA), by Louis R. Howson, Partner, Alvord, 


Burdick, & Howson, Chicago. 


ANAGEMENT in the abstract 

sense implies control or mastery. 
As applied to water works, good man- 
agement is evidenced by the superiority 
of capacity over requirements, by rev- 
enues adequate to provide good serv- 
ice and finance expansion in advance 
of need, by the equitable apportioning 
of revenue requirements among those 
using the service, and by the general 
satisfaction of the users. 

One of the prime attributes of man- 
agement is timing. Good management 
anticipates rather than follows needs. 
Any water works that has not provided 
for future needs is habitually unable 
to meet the needs as they mature, 
whether they be physical or financial. 

There are many types of manage- 
ment problems, including : 

1. Being alert to the requirements for 
service, present and future 


2. Interpreting the service require 
ments in terms of facilities. 

3. Assuring that the facilities are 
available when needed. 

4. Carrying forward ordinary opera- 
tions with economy and satisfaction to 
the consumers. 

5. Anticipating the necessity for re- 
placing property and making the finan- 
cial arrangements that are required. 
(It is the author’s belief that inasmuch 
as facilities furnish service, it is prop- 
erty rather than dollars that must be 
protected by the depreciation reserve. ) 

6. Raising the funds necessary to 
provide for the orderly expansion of 
the property to meet growing needs. 

7. Providing revenues adequate to 
support the property and its services. 

The author feels that the greatest 
single responsibility of management is 
to assure that its earnings are sufficient 
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to enable it to supply the best service. 
As the cost of water service in the aver- 
age American home is less than 1.5 
cents a day per capita, the difference in 
cost between excellent and mediocre 
water service rarely exceeds a fraction 
of a cent per capita per day. This re- 
sponsibility to assure the best service 
is shared by regulatory commissions. 


Coordination of Activities 


Good management, therefore, fore- 
casts its requirements for service, for- 
mulates a sound, well-distributed con- 
struction program, a sound financial 
policy, economical administration of op- 
erations, and the equitable allocation of 
revenue requirements through the me- 
dium of fair rates. All of these func- 
tions must be coordinated to effect a 
unified, interrelated procedure. Each 
function has its own problems. 


Construction Program 


The normal American water utility 
is a growing institution. The popu- 
lation which it serves rose approxi- 
mately 35 per cent in the decade 1941— 
50. Water requirements (127 gpcd in 
1945) are usually increasing at a rate 
of 1-2 gped per year. 

The cost of supplying water works 
facilities over the past three decades 
has increased at least 2.5 times as fast 
as the population. In 1907 the U.S. 
census report showed the average book 
cost of water works to be approximately 
$30 per capita. Forty years later this 
figure was approximately $75 per cap- 
ita. Recent cost-of-reproduction esti- 
mates of approximately twenty water 
plants show an average of 195 per 
cent of the original costs—that is, the 
cost of reproducing the average water 
works in 1952 would be approximately 
$150 per capita. 
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As all construction of new facilities 
must take place in the future, provision 
for financing must likewise be at future 
costs. The experience obtained from 
the Civil War, World War I, and 
World War II indicates that construc- 
tion costs will never again be as much 
as 25 per cent below those of 1952. 
The Engineering News Record Con- 
struction Cost Index in October 1952 
stood at 588.48 based on 1913 = 100. 
Cost-of-reproduction estimates indicate 
that water works construction reflects 
approximately 85 per cent of the in- 
crease in the general construction cost 
index. 

It is part of good management for 
every water works, large or small, to 
have its future water requirements 
studied and its construction pro- 
grammed and periodically reviewed for 
at least a decade in advance. If these 
precautions are taken, it will be prac- 
ticable to coordinate construction and 
financing and thus make both much 
simpler and more economical. Only 
by advance study and planning can 
inadequacies and the accompanying 
consumer dissatisfaction be avoided. 

The development of a well-considered 
construction program usually accom- 
plishes the following : 

1. It provides the funds required for 
construction when needed and not be- 
fore. In this way it saves the fixed 
charges on expenditures which other- 
wise might be made before they are 
necessary, and eliminates the inade- 
quacies in service resulting from de- 
lays in carrying out large expansion 
programs. 

2. Construction and 


expenditures 
are made as uniform as practicable. 
A small expenditure for construction 
made each year is preferable to accu- 


mulated deficiencies corrected at in 


frequent intervals. 
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3. The development of such a pro- 
gram minimizes future obsolescence 
in that each year’s construction, in ad- 
dition to being designed to serve the 
immediate needs, is planned to fit in 
with ultimate requirements. 


Financial Policies 


Many of the problems oi water works 
management are independent of owner- 
ship, whether public or private. Other 
problems, such as means of financing 
growth requirements and determining 
rates for service within and outside the 
city limits, differ appreciably in pub- 
licly and privately owned water plants. 

Private water works are ordinarily 
financed approximately two-thirds by 
funded debt and one-third by equity 
money. The rates must be adequate to 
attract the necessary capital from both 
sources. Practically all private water 
companies are under the jurisdiction 


of public utility commissions that op- 
erate under statutes which, in general, 
prescribe that rates shall be sufficient 
to yield a fair return upon the fair value 


of the property. This general rule has 
in recent years been superseded in 
some states, including Illinois, by a 
“cost of money” basis. In applying this 
basis, the original cost of the property 
is reduced by the net credit balance in 
the depreciation reserve, the funded 
debt is deducted, and the balance is 
taken as representing the equity inter- 
est in the property. Upon this equity 
interest, a rate of return of approxi- 
mately 10 per cent is considered neces- 
sary to attract capital. On this basis, 
the equity owners get no compensa- 
tion for the hazard in constructing and 
operating the two-thirds of the prop- 
erty represented by debt, and the rate 
base gives no consideration to infla- 
tion, the decreased purchasing power 
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of the dollar, the reproduction cost, or 
the fair value of the property. 

The continued application of this 
procedure, in the author’s opinion, will 
seriously impair the financial credit of 
the water companies and their ability 
to provide the facilities which the con- 
sumers should have ; consequently, the 
service will deteriorate. The author 
sees no justification for differentiating 
between the basis of valuing water 
works property and other properties 
with which the water works is com- 
peting for its financial requirements. 
Fair value” fluctuates with the pur- 
chasing value of the dollar whether that 
dollar be expended in water works or 
in an office building. Inasmuch as it 
is a responsibility of management to 
provide capital for expansion, it fol- 
lows that it is also its duty to see that 
earnings are adequate and properly de- 
termined in order that continuity of 
funds is assured. 

Municipalities, on the other hand, 
operate under somewhat different con- 
ditions. | Municipalities which have 
owned their water systems for long 
periods and have wisely managed them 
are either debt free or have small in- 
debtedness. It is believed that the 
revenues of such municipal water works 
essentially consist of the sum of the re- 
quirements for operating and main- 
tenance expenses, depreciation reserve, 
and the average annual needs for ad- 
ditions and betterments. . This sum 
constitutes the amount to be collected 
from consumers within the city who are 
the stockholders in the municipal water 
plant. 

The situation for service supplied by 
municipal plants to consumers located 
outside the city differs materially. 
Service to such outside consumers 
should be strictly on a utility basis. 
These consumers should pay rates ade- 
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quate to yield a fair return on the fair 
value of the property. Under these as- 
sumptions, the inside-city consumers 
get their water substantially at cost, 
whereas the outside-city consumers pay 
higher rates in order to yield a fair re- 
turn on the value of the facilities pro- 
vided and paid for by others. Recently, 
in two cities in which inside and out- 
side rates were figured on this basis, 
the outside rates were approximately 
175 per cent of those inside the mu- 
nicipality. 

Municipal plants should develop a 
sound financial policy designed even- 
tually to retire indebtedness and get 
on a “pay as you go” basis. When this 
result is accomplished, the revenues 
collected through rates should be suffi- 
cient to pay operating and maintenance 
expenses ; to provide an amount suffi- 
cient to cover ordinary additions to the 
water works such as distribution sys- 
tem extensions and meters; and to fur- 
nish an additional amount to cover the 
average annual requirement for major 
additions, this sum being apportioned 
and impounded during the period be- 
tween such major additions. 

Such a policy followed over a long pe- 
riod will result 1 the cost of water 
works expansion being approximately 
40 per cent less than it would be under 
debt financing. Costs are amortized as 
incurred without interest charges. 

Financing from revenues in munici- 
pal plants has the following advantages : 
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1. It provides new construction when 
needed without resorting to bond is- 
sues. 

2. It avoids possible delays incurred 
by voting on bond issues. 

3. It avoids the political exigencies 
which arise when bond issues are pre- 
sented. 

4. When such a financial program is 
properly developed in connection with 
a comprehensive construction program, 
the bulges in fixed charges due to bond 
issues are avoided. 

5. The consumer’s attention is fo- 
cused upon service rather than cost, 
which is the main consideration when 
bond issues are presented. 

6. Financing new construction from 
revenues reserves to the water depart- 
ment rather than the politician the con- 
trol of its ability to finance, construct, 
and maintain high-quality service. . 


Conclusion 


Good management does not just hap- 


pen. It is created. Conferences in 
which mutual problems are discussed 
and experiences exchanged contribute 
to better management. The better the 
management, the fewer the problems 
that recur. Anticipation is superior to 
correction. The key to good manage- 
ment is planning, coordination, and 
timely execution of construction, financ- 
ing, and operating procedures in a man- 
ner to meet the approval of the greatest 
proportion of the water users. 


| > 
\ 


Administration of Small Water Plants 
By Wendell R. LaDue 


A paper presented on June 18, 1952, at the Pennsylvania Section Meet- 
ing, Erie, Pa., by Wendell R, LaDue, Chief Engr. and Supt., Bureau 
of Water & Sewerage, Akron, Ohio. 


HAT is administration? The 

words management and admin- 
istration are synonymous and mean the 
conducting or carrying on of affairs— 
of a business, for example. That busi- 
ness can be a water works. An error 
is frequently made in thinking of the 
large-plant man and the small-plant 
man as two different kinds of men. 
In fact they are not, for they are the 
same kind of man in constant and daily 
need of different approaches to the 
same kinds of problems. Progress in 
solving the management problems of 
the small plant cannot be made by driv- 
ing imaginary wedges between large 
water utilities and small ones, or by 
assuming that one is enlightened, well 
meaning, and knows all the answers, 
and the other is not and, therefore, 
must be “managed.” 

When does a plant cease to be 
“small” and become “large”? There 
are now more than 100,000,000 people 
in organized communities in this coun- 
try who receive safe and dependable 
water supplies from publicly and pri- 
vately owned water utilities. On the 
average, this service is supplied by one 
employee for each 1,250 people served. 
In other words, 80,000 people serve 
100,000,000. This is big business, 
whether a community is served by 5 
or 5,000 employees. These 80,000 per- 


sons, each possessing an almost infinite 
variety of skills, training, and talents, 
every day of the year without ceasing, 
are contributing unselfishly and _ self- 
lessly of their energy, ability, and in- 
genuity to the biggest business, in 
tonnage, in the United States. There 
is no precise or scientific way by which 
the achievement or contribution of each 
can be measured. But this is not im- 
portant. It is necessary, though, that 
the water works profession foster 
among its members a broad and sym- 
pathetic understanding of the mutual 
responsibilities and problems small! 
and large plants. Such an understand- 
ing among water works men will result 
in greater encouragement from the 
public. 

Is there a truly impartial viewpoint ? 
Once a fine old Confederate gentleman 
displayed wonderful honesty and can 
dor when he wrote a book entitled: An 
Unbiased History of the War Between 
the States—From the Southern Point 
of View. It is not the author’s purpose 
or intent to discuss that all-important 
phase of management, public relations, 
but it is difficult to omit it. Any public 
relations department would be wise to 
display the lines which Dickens once 
gave to one of his characters, Martin 
Chuzzlewit: “What we’ve got to do is 
to keep up our spirits and be neigh 
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borly. We shall come out all right in 
the end, never fear.” This is truly a 
great goal for all water utilities, large 
or small. A great amount of lasting 
good can be accomplished by a kind 
word, a courteous gesture, or the mo- 
ment or two necessary to consider the 
other fellow’s problem. To the “other 
fellow” you are the “other fellow.” 
Why should the water works indus- 
try improve its administration? Good 
management is the result of a combina- 
tion of continuing policies, including 
expansion of both facilities and opera- 
tions, sound financing, efficient conduct 
of business, and satisfying services. 
Good management is as essential for 
small plants as it is for large water 
works systems. All too often manage- 
ment is considered to be confined to the 
direction of more or less routine oper- 
ating functions. In a practical sense, 
it must include sound planning for the 
future and the coordination of needs, 
plans, and accomplishments with the 
financial obligation and ability of the 
community to support them. 


Water Works Administration Com- 
mittee 


The water works profession will ac- 
complish much to improve its own 
status if it can produce an enlightened 


and progressive top management. 
The purpose of the American Water 
Works Association’s Committee on 
Water Works Administration is to do 
just that, as illustrated by the purposes 
of its various subcommittees : 
Constitutional and Statutory Aspects 
of Municipal Water Works Organiza- 
tion—charged with the duty of study- 
ing existing state and province laws 
and municipal ordinances, and formu- 
lating principles relating to types of 
municipal water works organizations. 
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Radio and Mobile Communication 
Facilities for Water Works—charged 
with the study of the use of radio and 
mobile communication facilities avail- 
able for water works, together with the 
collection of data on the use of radio 
in the water works field. The com- 
mittee has a continuing interest in fed- 
eral activities affecting wave allocation 
to utilities. 

Water Used in Air Conditioning and 
Other Refrigeration—charged with the 
study of the problems arising from 
the use of water in air conditioning 
and other refrigeration and to recom- 
mend policies as they affect water 
works (and sewage) facilities. 

Water Use in Fire Prevention and 
Protection—charged with the study 
and evaluation of methods of fire pre- 
vention and protection and of protect- 
ing sprinkler systems from freezing. 
This committee may be expanded to 
meet the pressing problem of renegoti- 
ation of insurance contracts to meet the 
demand sensed in increased costs of 
replacement. 

Public and Worker Relationships— 
charged with: [1] considering and pro- 
posing to the Board of Directors activi- 
ties on behalf of the Association in the 
field of public relations; [2] the pro- 
duction of guidance material in the 
field of public relations; and [3] the 
review of material which is in process 
of production by the Association. 

Compensation of Water Works Per- 
sonnel—charged with the gathering of 
comparative material and data and the 
formulating of a general schedule of 
compensation for water works person- 
nel and management. 

Pension and Retirement Plans— 
charged with the duty of collecting in- 
formation upon, and promoting the 
adoption of, pension and _ retirement 
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plans in the public water works indus- 
try, as well as the study of develop- 
ments in the industrial field and their 
effects upon public employees. 

Safety Practices—charged with the 
preliminary study of personnel safety 
and working conditions in plant facili- 
ties and physical structures. This 
study may be extended later to the 
border field of public safety in water 
utility construction work. This par- 
ticular field of management is attract- 
ing nation-wide attention. 

Taxation and Revenue Allocation— 
charged with the assembly and study 
of data on the taxation of water works 
systems and the diversion of funds 
from the water works utility to other 
activities, and the formulation and dis- 
tribution of basic principles of good 
management of taxation and revenue 
allocation. 

Water Main Extension Policy— 
charged with the study of the problems 
involved in the extension of water 
mains, both within and without the 
corporation limits, including a digest 
of enabling legislation. 

Water Department Reports—charged 
with the review of existing annual re- 
ports of water works organizations and 
the preparation of recommendations on 
content and style of annual reports. 

Water Rate Schedules—charged with 
the consideration of the fundamentals 
of water rate structures and the outlin- 
ing of the policies upon which rate 
schedules may be developed in order 
to distribute equitably the funding, op- 
erating, and maintaining of water 
works utilities. 

Water Use—charged with the col 
lection and evaluation of data on: 

1. Industrial water use, encompass- 
ing the water requirements of specific 
industrial operations and involving the 
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collection of information from units in 
the same industry over a wide geo- 
graphic area, in order that water re- 
quirements per unit of product may be 
tabulated. 

2. Domestic water use, encompass- 
ing the collection of data from a num- 
ber of water utilities from which a 
breakdown is available to show per 
capita water use in different types and 
sizes of residences and various classes 
of commercial establishments. 


Forms of Management 


Is it not possible that these problems 
of administration result from the in- 
adequate attention that is given to the 
fundamental reasons for their occur- 
rence? Does not water works man- 
agement spend its time discussing the 
results of inadequate management, 
whereas it ought to be doing some- 
thing about analyzing the causes, diag- 
nosing the resulting weaknesses, and 
then taking the steps necessary to cor- 
rect them? Realizing the impractical 
multiplicity of state laws, local ordi- 
nances and charters, is this truly not a 
challenging problem? At the very out- 
set, water works men themselves be- 
come quite philosophical and altru- 
istic in realizing and appreciating the 
other fellow’s position. The ramifica- 
tions are many but the generalities few. 

There are many cities in which the 
water works management is directly 
under the city council, the personnel of 
which, by nature, is continually shift- 
ing. In such a setup, centralized top 
responsibility is generally slight, as 
there is no real concern about long- 
range planning for the work of later 
administrations. There are very often 
too many potential “bosses,” and the 
superintendent, no matter how effi 
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cient, may be subject to change with 
the city administration. 

Water works management under 
the city manager form of government 
is only as good as the city manager, 
who, in turn, is subject to the changes 
and whims of a council or other 
elected board of similar nature. When 
a city manager is changed, his ap- 
pointees usually go with him. 

A third general form of top manage- 
ment is that of the special water works 
commission, usually consisting of three 
to five men with overlapping terms of 
such lengths that, in general, no one 
political administration can upset the 
board by a majority of new appoint- 
ments. Such a board is responsible to 
no one but the public which it serves. 
It is nonpolitical; its continuity is as- 
sured and it attracts to its membership 
the best qualified men of the commu- 
nity. This form of management lends 
itself to a continuity of employment of 
water works personnel; the mainte- 
nance of high efficiency; the establish- 
ment of constructive, continuing poli- 
cies on construction, operation, and 
rate stability ; and the furnishing to the 
consumer of a maximum of satisfying 
service at a minimum of justifiable ex- 
pense and cost. 

In all local organizations, manage- 
ment is brought face to face with one 
of the most baffling challenges of 
human nature and behavior: “People 
get and do what they want, good or 
bad.” When a superintendent in the 
near-perfect protection of an_ ideal, 
commission-operated water works asks 
why a certain city countenances the 
shortcomings of some _ council- 
controlled operation, the only answer 
forthcoming may be “Because they 
(the people) want it and like it that 
way.” For this reason, regardless of 
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its logic, a uniform type of top man- 
agement is not always potentially pos- 
sible or perhaps even actually desira- 
ble. Past history and local conditions 
will weigh heavily and must be 
considered. 


Legislation 


It appears quite evident that practi- 
cally every undertaking of a water de- 
partment is connected in some way 
with the basic and enabling legislation 
applicable to the actual organization 
of any department in any particular 
state. Water works management must 
be continually aware of this constantly 
changing legislation. Pennsylvania af- 
fords an outstanding example of this 
observation. Under the “Authorities 
Act” of 1935, 71 water works manage- 
ment and ownership groups were func- 
tioning in 1950. 

The series of legislative enactments 
known as the “authority acts” permits 
the citizens of a single city or town or 
of groups of incorporated and unincor- 
porated places to establish an agency 
through which governmental units may 
provide needed facilities and services 
for themselves, upon a self-liquidating 
basis, in the manner of private indus- 
try and without obligating the pre- 
existing units of government. Such 
an authority is authorized to file liens 
for debts owec, is given the power of 
eminent domain (but not the power to 
acquire a water works or other system 
by condemnation), can sue and be 
sued, and can issue revenue bonds, but 
may not obligate the municipality. 
The life of an authority under the 
Pennsylvania acts is limited to 50 
years, whereas bond issues are limited 
to 40 years and the maturity of refund- 
ing bonds is restricted to the life of 
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the authority. At the termination of 
the life of an authority, its property 
may revert to the municipality or mu- 
nicipalities which incorporated it. One 
further stipulation, which is of great 
value, requires that for the period dur- 
ing which authority revenue bonds are 
outstanding, an engineer must be re- 
tained by the authority to advise it on 
matters of planning and management. 

Authorities have been given the 
power to assess benefited properties 
for the cost of improvements in pro- 
portion to the benefits received, giving 
them, in this respect, an advantage 
over private companies which must es- 
tablish a rate structure that will make 
them entirely self-supporting from 
revenues or rentals. Private com- 
panies are permitted no other sources 
of income and may not be parasites on 
any municipal funds, except, possibly, 
when a system is leased to the munici- 
pality for operation. On the other 
hand, authorities cannot be deprived 
of their revenues to carry out other 
municipal functions. 

The populations served by various 
Pennsylvania water authorities in 1950 
varied from 700 to more than 100,000. 
By the end of 1947, 65 water authori- 
ties served more than 1,300,000 con- 
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sumers and the total assets of the group 
were in excess of $101,250,000. 


Conclusion 


The procedures discussed support 
the idea that there is no real difference 
in the objectives of the “large” and 
the “small” plant. The author gives 
well-deserved praise to the small oper- 
ator. He has sometimes been com- 
pared to a one-man ball team. Just as 
busy, he pitches the ball, runs behind 
the plate to catch it, and, if it is hit, he 
runs to the outfield to catch it, or at- 
tempts to put out the runner, all by 
himself. In other words, he treats the 
water, operates the plant, distributes 
the water, reads the meters, bills the 
customers, and collects the money, all 
with the utmost confidence that things 
will “come out all right in the end.” 
The large-plant operator may be com- 
pared to the president of the league, 
but he has no more fun, nor do his cus- 
tomers have more confidence in him 
than in the small operator. The author 
knows no other career that affords a 
greater sense of inner satisfaction to 
those who embrace it successfully nor 
another business in which there is 
greater determination to do a better 
job. 


Red Water and Its Prevention 
By Philip S. Davy 


A paper presented on Sept. 17, 1952, at the Wisconsin Section Meet- 
ing, Madison, Wis., by Philip S. Davy, Vice Pres., Davy Engineering 


Co., La Crosse, Wis. 


ED water is a serious problem to 

the water works industry and its 
consumers in many communities in 
Wisconsin and other states. A num- 
ber of solutions to the problem have 
been tried in many locations with vary- 
ing degrees of success. A great deal 
of time and research has been spent on 
solving the problem but there has been 
little effort to coordinate the results of 
the studies made. 

The author’s experience indicates 
that there are at least three distinct 
sources of the red water problem and 
unless all three are taken into consid- 
eration, it is probable that treatment 
will be only partially successful. Red 
water is basically caused by one or 
more of the following factors and fre- 
quently by all three: [1] presence of 
iron or manganese or both in the raw 
water; [2] a corrosive water supply ; 
and [3] growth of iron bacteria in the 
distribution system. 

Many of the methods of treatment 
advocated for correction of red water 
conditions specialize in correcting only 
one of these conditions; thus, when 
two or more conditions exist, results 
cannot be expected to be completely 
satisfactory. This concentration on 
one aspect of the problem has resulted 
because most experimentation has been 
performed by manufacturers whose 
hasic intention was selling their prod- 


uct. One of the functions of a consult- 
ing engineer is to provide the service 
necessary to coordinate these various 
approaches and recommend the best 
methods for the problem under study. 


Iron and Manganese 


Many municipal water works have 
excessive quantities of iron or manga- 
nese or both in their raw-water supply. 
Sometimes proprietary chemical com- 
pounds, such as the various forms of 
phosphates, can prevent the deposition 
of iron or manganese in the distribu- 
tion system. The reasonable cost of 
such compounds justifies consideration 
of this approach. The author’s experi- 
ence indicates that when more than 0.3 
ppm of combined iron and manganese 
is present, the most generally applica- 
ble method is removal. This upper 
limit of 0.3 ppm has been recommended 
by the U.S. Public Health Service and 
the Wisconsin State Board of Health 
and is generally accepted by most state 
boards of health. 

When the supply contains iron or 
manganese in excessive quantities, the 
problem of red water will occur 
throughout the system, although it may 
be worse in dead ends or areas of little 
circulation. The increase in the red 
water problem in dead ends is due to 
two other factors which will be 
discussed. 
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There are a number of basic methods 
of removal. The principal ones in- 
clude aeration followed by coagulation 
and filtration, pressure aeration and 
filtration, and iron and manganese re- 
moval by cation exchange. 


Aeration, Coagulation, and Filtra- 
tion 


Aeration followed by coagulation 


and filtration is usually classified as 


Fig. 1. 
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more applicable to large communities 
having a centrally located source of 


supply. 
Pressure Aeration and Filtration 


In the past 15 years, the pressure 
aeration and filtration method of treat- 
ment has become highly developed. 
The cost of operation is negligible and 
the cost of construction is low. When 
deep wells constitute the supply, direct 


Pressure Aeration and Filtration Unit at Alma, Wis. 


Practically all iron-bearirg waters will be reduced to 0.2 ppm of iron or less by 
pressure aeration and filtration treatment. 


an open process—itor example, a deep 
well supply pumped to surface treat- 
ment facilities followed by booster 
pumping to the city mains. This proc- 
ess can be combined readily with lime- 
soda ash softening. Because of the 
relatively high costs of construction 
and the high degree of operative skill 
required, this procedure is, in general, 


pumpage through a pressure tank ar- 
rangement is simple and effective. No 
surface storage reservoirs nor booster 
pumps are required. In general, both 
iron and manganese are present in 
soluble form in raw water. Each part 
per million of iron present as Fe re- 
quires 0.07 cu ft of free air at 80°F to 
oxidize to iron oxide, which will re- 


im. 
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main on the surface of a sand or an- 
thracite filter where it can be removed 
by backwashing. Although the method 
of adding air is important in order to 
secure complete oxidation, such minute 
quantities are necessary that primary 
attention must be paid to avoiding ex- 
cess air entrainment. A serious “white 
water” problem can be developed if 
more air goes into solution than will 
remain dissolved at the highest tem- 
perature and lowest pressure at which 
water is delivered (atmospheric pres- 
sure and 80°F were used in the au- 
thor’s study). As an indication of the 
small quantities of air required, a 450- 
gpm pump would require a 4-hp air 
compressor. 


TABLE 1 
Chemical Characteristics of Alma, Wis., Water 


Plant 
Effluent 


Raw 


Chemical Characteristic Water 


2600 @ 
286 4 


260 
256 


Total hardness—ppm 
Methyl orange alkalinity— 
ppm 
Free carbon dioxide—ppm | 21 
Iron—ppm 0.8 0.2 


In general, pressure filters for this 
type of treatment operate at 2.5-3 gpm 
per square foot of bed area and back- 
wash at 15-20 gpm per square foot of 


bed area. Practically all iron-bearing 
waters will be reduced to 0.2 ppm of 
iron or less by this type of treatment. 

The effectiveness of removal using 
this type of equipment has been illus- 
trated at Alma, Wis. The chemical 
characteristics of the raw water and the 
plant effluent are given in Table 1, and 
the pressure aeration and filtration unit 
is shown in Fig. 1. 

Without treatment other than aera- 
tion followed by coagulation and filtra- 
tion or pressure aeration and filtration, 
treated water will revert to a high-iron 


S. DAVY 


Jour. AWWA 


water in the dead ends very rapidly. 
When manganese is encountered alone 
or as a major item in conjunction with 
iron, care must be taken, as manga- 
nese is not oxidized to a nonsoluble 
floc as readily as iron. Field tests will 
indicate whether detention or pH ad- 
justment before filtration is needed. 
It should also be noted that the addi- 
tion of oxygen will increase the corro- 
sivity of the water. 


Cation Exchange 


Cation-exchange compounds have 
the capability of exchanging the so- 
dium available in the compound for 
calcium and magnesium. It is less 
well known that cation-exchange com- 
pounds will also exchange sodium for 
iron or manganese or both in the raw 
water supply. The process normally 
used results in a soft water having a 
combined iron and manganese content 
of less than 0.2 ppm. Salt is used as 
the regenerant. 

When softening and iron removal 
have been used in combination a num- 
ber of failures have occurred. In every 
failure, however, the problems that 
arose could have been easily avoided. 
Some of the problems are presented 
and their solutions discussed in suc- 
ceeding portions of this paper. 

In removing iron or manganese by 
cation exchange, care must be taken to 
keep introduction of air into the water 
at a minimum or the insoluble oxides 
will be filtered out by the cation- 
exchange compound. The usual plant 
arrangement allows some oxidation 
even though efforts are made to avoid 
it. The deposition of oxides will grad- 
ually clog the bed and destroy its use- 
fulness. It is necessary, therefore, to 
select a cation-exchange compound of 
the carbonaceous or synthetic-resin 
type as these compounds can be readily 
cleaned with acid when necessary. 
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Softening of the water will increase its 
corrosivity, a point which will be dis- 
cussed in greater detail. Manual re- 
generation by plant operators is often 
inconsistent and frequently gives poor 
results. Automatic regeneration is 
simple and economical and can be pro- 
vided at reasonable cost. 
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1.0 ppm and the supply is hard, as 
blending untreated with treated water 
can provide a finished water of less 
than 0.3 ppm iron and manganese. 
Two alternatives are available for other 
waters. 

The hardness, iron, and manganese 
can be removed from most of the sup- 


Fig. 2. Cation Exchanger Unit at Blair, Wis. 
Zero-hardness water is used at Blair without difficulty, 


One problem that arises when sof- 
tening and iron removal are used in 
conjunction is the need to bypass part 
of the raw water if a hardness of 70-85 
ppm is desired in the distribution sys- 
tem. This problem can be solved sim- 
ply if the combined: iron and manga- 
nese content is less than approximately 


ply and an iron removal plant of the 
pressure aeration and filtration type 
can be used on the bypass. Thus, a 
water low in iron and manganese and 
having an adjustable hardness can be 
provided readily. 

The second alternative is to soften 
the entire supply to zero hardness. 


if | 
| 8) | 
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Many statements on the impracticability 
of obtaining zero-hardness water, de- 
spite its known advantages, have been 
made. If the corrosive tendencies of 
soft water are corrected, zero-hardness 
water is quite practicable. A number 
of cities and villages in Wisconsin have 
utilized zero-hardness water for from 
2 to 15 years without difficulty. 
Among these are Colby, Arcadia, Blair 
(see Fig. 2) and Eleva. 

Iron and manganese removal by ca- 
tion exchange is simple and economi- 
cal. Rates of application can reach 7 
gpm per square foot, space is saved, 


TABLE 2 
Analyses of Eleva, Wis., Water 


Treated 
Water 


Raw 


Chemical Characteristic Water 


Total hardness—ppm 

Calcium—ppm 

Magnesium—ppm 

Sodium—ppm 

Methyl orange alkalinity— 
ppm 

Free carbon dioxide—ppm 

pH 

Iron—ppm 

Manganese—ppm 


and backwash requirements are gener- 
ally the same as application rates. Salt 
efficiencies of the new resins have be- 
come surprisingly high compared with 
those of precipitated synthetics and 
greensands. Salt guarantees as low 
as 0.25 Ib of salt per approximately 
17,000 ppm of hardness removed have 
recently been offered. When the salt 
costs $12.00 per ton and the water con- 
tains 340 ppm of hardness, the cost of 
the salt to soften 1,000 gal to zero 
hardness will be 3 cents. The effec- 
tiveness of this type of treatment is 
illustrated by analyses of Eleva and 
Arcadia, Wis waters (Tables 2 and 3). 


DAVY Jour. AWWA 

The pH of the Arcadia, Wis., water 
was adjusted at a point beyond the 
sampling cock where the analysis was 
collected. If the water were dis- 
charged at the pH values given in Ta- 
ble 3, the iron would increase rapidly. 
The pH of the Arcadia plant effluent 
was raised by the addition of sodium 
hydroxide. This treatment may not 
always be sufficient. 


Corrosivity 
Many of the ground water supplies 
in Wisconsin and adjoining states are 
corrosive in varying degrees. The 
TABLE 3 
Analyses of Arcadia, Wis., Water 


Plant 
Effluent 


Raw 


Chemical Characteristic Water 


Total hardness—ppm | 221 3.0 
Calcium—ppm | 0.0 
Magnesium—ppm 7% | 3.0 
Sodium—ppm ae. 255.0 
Methyl orange alkalinity— | 205 234.0 


11.0 


Phenolphthalein alkalinity— | 0 
ppm 

Free carbon dioxide—ppm | 9 

pH 

Iron—ppm | 


water is frequently corrosive even 
when only trace amounts of iron and 
manganese are present and is almost 
invariably corrosive when appreciable 
amounts exist, because these minerals 
were introduced into the ground water 
supply largely by contact with a corro- 
sive water. Experience in Wisconsin 
indicates that the principal source of 
corrosion in natural underground wa- 
ters is the presence of free carbon di- 
oxide in the water. When ground 
waters pass through magnesium or 
lime deposits, free carbon dioxide is 
converted to bicarbonate hardness in 


bye 58.0 | 0.0 
34.0 | 0.0 
24.0 | 0.0 
47.0 | 47.0 
15.0 | 15.0 
6.0 6.0 | 
6.8 0.0 | 0.0 
0.25; 0.0 | 8.9 
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varying degrees. Thus, hard waters 
are less likely to be corrosive. 
Expressed in another way, adjust- 
ment with lime or sodium hydroxide 
to a pH of 8.2-8.4 (8.2 is the point at 
which free carbon dioxide can no 
longer exist in the water) usually re- 
sults in elimination, for all practical 
purposes, of iron pickup in the distri- 
bution system. Corrosion is one of the 
three primary causes of red water in a 
distribution system and can create a 
serious red water situation even when 
there is little or no iron in the supply. 
The problem is primarily concentrated 


TABLE 4 


Analyses of Independence, Wis., Water 
ape pH Adjustment Discontinued 


6 Weeks 
pH After pH 
Chemical Characteristic nt) 
Stopped justment 
Stopped 


Total hardness—ppm 
Methyl orange alkalin- | 
ity—ppm 
Free carbon 

ppm 
lron—ppm 
Manganese—ppm 
pH 


123 
110 


123 
110 


19 14 


| 
| 
0.1 
0.25 | 
6.85 


15.1 
0.25 
7.05 


dioxide— | 
| 


in dead ends or areas where there is 
little circulation of water. Under these 
conditions, the iron content of the 
water will increase rapidly even though 
a low iron water is delivered to the 
system. The corrosion problem can- 
not be separated completely from the 
discussion of iron bacteria that follows 
and it is difficult to be sure just what 
percentage of the difficulty is due to 
corrosion and what percentage to iron 
bacteria. Iron pickup due to corrosion 
is quite rapid, and a period of weeks 
is sufficient to create a problem. 
Independence, Wis., has an iron re- 
moval plant that reduces the iron to 
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less than 0.2 ppm. Because of changes 
in operators, pH adjustment was dis- 
continued. The analyses at a 6-in. 
dead end, 2,600 ft long, for a six- 
week period are given in Table 4. The 
iron content increased so markedly 
that the water could not be used for 
washing and was hardly usable for 
drinking. There are many similar in- 
stances of a low-iron content water 
being pumped into the system and a 
high-iron content water being found 
on dead ends. These occurrences are 
seldom as extreme as the Independ- 
ence, Wis., incident, however. Cuba 
City, Wis., represents a typical condi- 
tion (Table 5). 


TABLE 5 


Analyses ado Cuba City, Wis., Water 


= 
Water 
Chemical Characteristic 


Pot: hi irdness—ppm 
Methyl orange alkalinity 
ppm 


Free carbon dioxide—ppm 
lron—ppm 
pH 


The manufacturers of proprietary 
chemical compounds containing phos- 
phates can produce results clearly indi- 
cating that this family of chemicals will 
eliminate red water caused by cor- 
rosion. To date the author’s results 
using these materials have not been as 
satisfactory as pH correction. When 
it is realized that the primary area to 
be controlled is the dead ends rather 
than the main system, the difficulty in 
the use of the phosphate family can be 
recognized. The author’s experience 
indicates that threshold treatment with 
these compounds depends, at least in 
part, on the building up of a protec- 
tive film on the metal surface rather 


Enc 
| 
a 312 312 
(295 | 295 
0.1 | 2.6 
| 72] 72 
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than on the concentration present in 
the water in contact with that surface. 
Because of the low velocities in a dead 
end, the protective film does not de- 
posit where required but in the main 
distribution system where turbulent 
flow exists. Regular flushing of the 
dead ends would probably correct this 
condition but necessitates the waste of 
large quantities of water and is diffi- 
cult to maintain systematically because 
of the press of other duties on the op- 
erator. Because phosphates are an ex- 
cellent food source for iron bacteria 
and are quite likely to stimulate their 
growth, a low rate of chlorination is 
desirable as an adiunct to phosphate 
stabilization. 

The author’s experience with pH 
adjustment has been limited to lime or 
caustic soda (sodium hydroxide), al- 
though soda ash could also be used In 
reasonably hard waters (170 ppm or 
more), lime has the disadvantage oi 
tending to precipitate part of the hard- 
ness, thus creating a scale problem. 
Also, it must be fed as a slurry, which 
requires a more expensive feeder. In 
addition, the feed lines are subject to 
clogging. Lime, of course, increases 
the hardness of softer waters. Sodium 
hydroxide forms a true solution and 
consequently can be readily added to 
water with a standard liquid feeder. 
The only disadvantage lies in the cost 
of sodium hydroxide. Cost is not a 
major problem for small communities 
as water quantities requiring treatment 
are not great. The cost at the present 
time is $6.20 per 100 lb in 400-lb 
drums. It requires approximately 1 
ppm of caustic soda to neutralize 1 ppm 
of free carbon dioxide. Therefore, it 
would cost $0.90 per million gallons of 
water containing 17 ppm of carbon di- 
oxide. It is desirable, when the pump- 
ing arrangement makes it economical, 
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to utilize open aeration to release part 
of the carbon dioxide. 

A question may arise about the use- 
fulness of the Langelier index or the 
calcium carbonate saturation index for 
predicting red water problems from a 
new supply source. The author has 
found that the application of these in- 
dexes to cold water in distribution sys- 
tems does not always clearly indicate 
a corrosive water even though actual 
use may indicate that iron pickup has 
resulted from corrosion. Table 6 gives 
the Langelier index for four towns, all 
the waters of which were subject to 
iron pickup in dead ends, although in 
three of the towns, the Langelier in- 
dex is so slightly negative that it would 
be difficult to predict results. 


TABLE 6 
Langelier Index of Various Waters 
Index 
Water Sample at 60°F 
Rushford, Minn. —0.08 
New Auburn, Wis. —3.15 
Independence, Wis. —0.56 
Cuba City, Wis. —0.10 


Caution is necessary, as iron pickup 
is seldom separate from the iron bac- 
teria problem and both should be 
investigated. 


Iron Bacteria 


There is some question whether the 
organisms causing red water problems 
are bacteria. Some of these organisms 
may be more closely related to algae. 

There is no question that a problem 
is created, however. In the first prob- 
lem discussed herein, iron was present 
in the water source itself. As a result, 
fixture staining is almost universal 
throughout the system although it may 
be more acute in noncirculating sec- 
tions (dead ends). When there is iron 
pickup due to corrosion, some prob- 
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lem may exist throughout the system 
with a definite increase in dead ends. 
When iron bacteria is the cause of red 
water, the problem is normally concen- 
trated in the dead ends or areas of 
little circulation. Actually the three 
problems cannot be separated and even 
though the first, iron in the raw water, 
does not exist or is nominal in amount, 
corrosion and iron hacteria usually 
occur simultaneously. 

Red water complaints usually arise 
in areas of little circulation. In these 
areas, hydrant flushings are initially 
deep red or brown, and bacteriological 
smears usually indicate the presence 
of sulfate-reducing or iron-consuming 
bacteria. The sulfate-reducing bac- 
teria fall into the general classification 
of Desulfuricans. These bacteria re- 
duce the sulfates in the water to hydro- 
gen sulfide which attacks the pipe, dis- 
solving the iron and placing it in solu- 
tion in the water. This reaction fre- 
quently results in a hydrogen sulfide 
(rotten egg) odor in the water in dead 
ends as well as a red water problem, 
even though the raw water does not 
contain appreciable amounts of hydro- 
gen sulfide. The iron-consuming bac- 
teria, such as Crenothrix, Leptothrix 
and Coccobacillus, seem to require iron 
already in solution in the water and do 
not seem to utilize iron from the pipe 
as a food source. Pitting of iron pipe 
will occur, however, when these bac- 
teria are present in quantity. In addi- 
tion, by growing in great numbers and 
concentrating the iron already avail- 
able, they create a red water problem 
equivalent to that caused by iron in 
the raw water as the bacteria are 
swept into consumers’ services by oc- 
casional surges of water. These bac- 
teria are present in most ground waters 
in Wisconsin, and require only condi- 
tions favorable to growth to multiply 
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and cause trouble. Favorable condi- 
tions are encountered in water works 
system dead ends particularly where 
iron is available in the water for food. 

The logical agent for control is chlo- 
rine although chloramine treatment is 
also effective. The author feels that 
continuous dosage similar to that for 
killing pathogenic bacteria for public 
health purposes is not always required. 
Three methods in conjunction with pH 
correction have been tried. When the 
regular use of chlorine is not desired, 
annual massive chlorine doses may be 
used. The multiplication of iron bac- 


TABLE 7 


Effect of Massive Chlorine Doses on 
Rushford, Minn., Water 


Dead kind 


Chemical 


Characteristic Chiorin 


ated and 


Normal 
Flushed 


Total 330 
ppm 

Iron—ppm 

Manganese—ppm 

Free carbon dioxide 


—ppm 


hardness— | 330 330 


0.4 
0.02 | 
17 


3.3 
0.02 
17 


O4 
0.02 


17 


teria appears to be slow. If iron 
pickup due to corrosion is controlled, 
a period of a year or more can elapse 
before iron bacteria create a red water 
problem. A massive chlorine dose 
over a 24-hour period, and a thorough 
flushing of the system will restore the 
water to a satisfactory condition. This 
method has been effective at Independ- 
ence, Wis., for a number of years. 
Attempts are being made to correct 
the water at Rushford, Minn. During 
the field studies to determine the 
source of difficulty at Rushford, mas- 
sive chlorine doses—approximately 25 
ppm residual——were used. The analy- 
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ses given in Table 7 show the improve- 
ment obtained. The improvement is 
due to chlorine kill of iron bacteria 
plus replacement of stagnant water in 
the dead ends with fresh water by the 
heavy flushing required. It is antici- 
pated that water in the dead ends will 
revert to a high-iron content within 
two to three months. 

A softening plant.is being installed 
in Rushford. In addition, both a caus- 
tic feeder for pH control and a hypo- 
chlorite feeder for iron bacteria control 
will be utilized. Chlorine and caustic 
will both be added at the softener dis- 
charge. It is the author’s opinion that 
a low rate of application of chlorine— 
approximately 0.5 ppm at the plant— 
will control iron bacteria growth pro- 
vided that a massive dose over a 24- 
hour period is used to kill the estab- 
lished flora. Regular low-rate chlorine 
feed may be applied on the plant 
discharge. 


Summary 


There are three aspects to be con- 
sidered in dealing with the red water 
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problem: [1] presence of iron or man- 
ganese or both in the raw water; [2| 
corrosivity of the water supply; and 
[3] growth of iron bacteria in the dis- 
tribution system. The quality of water 
delivered to the consumer can be im- 
proved by considering only one ot 
these items, but unless all three are 
considered, it is probable that the re- 
sults will not be satisfactory, inasmuch 
as all three problems frequently go 
hand in hand. 

The methods outlined in this discus- 
sion represent only a small number of 
the potential solutions and are, in gen- 
eral, limited to the author’s experience 
in the field. Each red water problem 
requires a solution custom-tailored to 
fit the particular water in question. 
The solutions outlined will completely 
correct problems in the main distribu- 
tion system and will improve condi- 
tions on dead ends enough to minimize 
complaints and frequently eliminate 
them. For a uniformly successful solu- 
tion, the author recommends the provi- 
sion of circulation for dead ends in 
addition to the procedures outlined. 
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Application of Safety Program to 
Water Works Industry 


By Raymond J. Faust 


A paper presented on Nov. 6, 1952, at the Virginia Section Meeting, 
Old Point Comfort, Va., by Raymond J. Faust, Exec. Asst. Secy., 
American Water Works Assn., New York. 


T is commonly assumed that the wa- 

ter industry is a relatively safe field 
in which to work. It is almost obvious 
that the gas and electric utilities, and 
perhaps the communication utilities 
as well, are potentially more hazardous 
for employees than are water utilities. 
Also, it is expected that the accident 
frequency and severity rates for these 
three utilities would clearly demon- 
strate this relationship. 

No doubt this relative safety was 
true some years ago, but not today. 
The gas, electric, and communication 
utilities recognized the detrimental ef- 
fects of accidents on production and 
on the morale of personnel, and decided 
to do something about it. They insti- 
tuted safety programs which brought 
immediate and startling results. They 
proved that safety was a sound business 
activity. The National Safety Coun- 
cil supplied the data on accident rates, 
both for frequency ard severity, which 
are given in Table 1. One glance at the 
rates will convince the most skeptical 
person that safety is good business. 

To make the data in Table 1 intel- 
ligible, frequency and severity rates 
must be defined. Frequency is ex- 
pressed as the number of disabling in- 
juries sustained for each 1,000,000 
man-hours of work. A disabling ac- 
cident is defined as one in which the 


injured worker is unable to return to 
work on the day following the acci- 
dent. Thus, if he reports to work at 
any time on the day following the ac- 
cident, no lost-time accident is re- 
corded. In contrast, the severity rate 
is based on days lost for each 1,000 
man-hours of work. 

According to the National Safety 
Council frequency and severity rate for 
utilities, the water utilities are a rela- 
tively hazardous industry in which to 
work—for example, a comparison be- 
tween the accident frequency rates of 
the communication and water utilities 
for 1950 shows that accidents occur in 
the water industry at a rate 12.4 times 
faster than in the communications field. 
The water utilities frequency rate is 
2.12 times the electric utility rate and 
1.58 times the gas utility rate. Inas- 
much as water utilities would seem to 
be potentially less hazardous than the 
gas and electric utilities, though per- 
haps more hazardous than the com- 
munications industry, it is evident that 
the water industry has not been active 
in a protection program for its em- 
ployees. 

In addition it should be pointed out 
that the few—38 out of a total of more 
than 16,000—water utilities reporting 
their accident frequency and severity 
rates to the National Safety Council 
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serve some of the larger towns; no rela- 
tively small towns are included in the 
group. As it is common knowledge 
that the highest accident rates occur 
in small shops and utilities, it is ap- 
parent that the accident rates for the 
water industry reported by the Na- 
tional Safety Council are somewhat 
lower than they would be if a reason- 
able cross section of the industry were 
used in the compilation of the rates. 

Table 2, which shows the accident 
rates of the electric companies in the 
country for 1951 (1) substantiates the 
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year ago. The author is certain it will 
be still less difficult to answer a year 
from now. This optimism is based on 
progress made during the past year 
and the increased impetus which the 
program is gathering from day to day. 
Water works executives are beginning 
to show an active interest in safety and 
are arriving at answers to some of the 
problems. 

A safety program must first be sold 
to the water works executives and 
they, in turn, must sell it to their staffs. 
All employees, from top to bottom, 


TABLE 1 
Frequency and Severity Rates for Utilities and Industries 


Number of 
Utilities 


Accident Frequency Rate 


Accident Severity Rate 


Utility Reporting 
in 1949 


1949 


1950 1949 | 1950 1951 


1951 


| 


59 2.14 
14.02 
17.92 


33.00 


Communications 
Electrical 238 
Gas 425 
Water 33 
All industries (avg. of 40 


point that company size and accident 
rates have an inverse relationship. 


A Safety Program 


From the foregoing evidence, it 
seems obvious that the water works in- 
dustry in the U.S. has a poor accident 
record compared with the other utili- 
ties. This is due primarily to the fact 
that the industry, as a whole, has no 
safety program. Ifthe need for a safety 
program is recognized, the next ques- 
tion is, what can be done about it and, 
especially, what can be done to help the 
small water utilities inaugurate such a 
program? 

Fortunately, the answer to that ques- 
tion is not as difficult today as it was a 


(0.12 
1.96 
0.79 


0.09 


2.05 | 1.79 
2.00 


11.96 11.06 
16.03 
25.50 0.72 


0.97 


30.00 
9.06 


must actively participate in the pro- 
gram to make it a success. Safety then 
becomes a personal responsibility of 
every employee. If this premise is 
accepted, the next logical step in the 
establishment of a safety program is 
education. 


Education 


To educate the employees to think. 
act, and live safety, many avenues of 
approach are available. It should be” 
recognized, however, that to obtain 
maximum results, the educational pro- 
grams must be kept on a local basis. 
Weekly or monthly discussions and re- 
view of local accidents with the em- 
ployees should be a significant part of 
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any safety program. In addition, one 
or all of the following methods in safety 
practice education may be used: 

1. Appoint a safety practice com- 
mittee in the AWWA section and keep 
it active. 

2. Include a paper or panel discus- 
sion on safety practices annually on the 
section program. Present material of 
local origin in preference to outside 
material. 

3. Insist that established short 
courses for water plant personnel in- 
clude safety practice material and make 
the subject a major, rather than a 
minor, item of study. 


TABLE 2 
Accident Rates of Electric Companies for 1951 


No. of 
Com 
panies 


No. of 
Employees 


More than 5,000 

2,000-5,000 

1,000—2,000 
500-1,000 
100- 500 

Less than 100 


Total or avg. 


4. Use National Safety Council or 
similar material wherever possible to 
promote safety consciousness. 

5. Stress the need for accident re- 
porting, analysis of every accident, and 
the ascertaining of annual frequency 
and severity rates. 

6. Insist that every employee take 
a Red Cross first aid and safety course. 
That it pays big dividends is illus- 
trated by the analysis (Table 3) of a 
study of 64 water utilities operated by 
the American Water Works Co. The 
decrease in the number of lost-time ac- 
cidents per 1,000,000 man-hours 
worked from 24.59 to 8.20 and the de- 
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crease in the number of days lost per 
1,000 hours from 1.407 to 0.060 indi- 
cate a rather remarkable improvement 
as the percentage of people having first 
aid training increases. 


Safety Appraisal 


A successful safety program must 
also provide more than educational op- 
portunities for the employees. It needs 
a plan of implementation. A success- 
ful plan of implementation must rec- 
ognize the fact that more than 80 per 
cent of the 16,000 water utilities in the 
country are small and employ some- 
times one or only a few people. These 
small utilities cannot afford to em- 


TABLE 3 
Effect of First Aid Training on Accident Rates 


Personnel Having 
First Aid 
Training—~per cent} 


Frequency Severity 
Rate Rate 


1.407 
0.286 
0.106 
0.060 


25.88 
24.59 
22.83 

8.20 


0 
1-10 
11-50 
51-100 


ploy a safety director to guide their 
program and need some other approach 
to enjoy the advantages of a safety 
program. <A simple solution would 
be the development of a short—one 
sheet—self-appraisal safety form for 
use on an annual basis by each small 
utility. The appraisal forms could be 
filled in by all utilities wishing to par- 
ticipate in the program. To obtain the 
greatest benefit from the safety forms, 
they should be reviewed for accuracy 
in establishing local accident rates | 
competent local people—pethaps by 
the office of the state sanitary engineer 
or by the AWWA section’s committee 
on safety practice. To popularize the 
activity and to assure it public atten- 


= 
Fre | — 
13 | 10.86 | 1.16 
27 | 847 | 2.18 | 3 
42 | 11.72 | 2.54 
30 | 15.15 | 2.56 | 
55 | 18.50 | 3.62 : 
55 | 2153 | 4.51 
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tion, a section award should be estab- 
lished and presented to the utility re- 
ceiving the highest safety rating for 
the year, or perhaps for the greatest 
improvement in safety rating for the 
year, or both. 

A safety practice program offers a 
great opportunity to the AWWA sec- 
tions, as well as to the state sanitary 
engineer's office, for major accomplish- 
ment in both the water works profession 
and in public aealth. Here is an impor- 
tant program which can succeed if given 
a chance, and one in which both the 
employees and the utility can share 
equally. 


AWWA Action 


The American Water Works Assn. 
is very much interested in safety prac- 
tices. Wendell R. LaDue, chairman 
of the Committee on Water Works 
Administration, in 1950 recommended 
to the Board of Directors that a task 
group be appointed to study the pres- 
ent status of safety programs in the 
industry. The task group report, 
which was presented at the Miami Con- 
vention in 1951 and published in the 
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JourNAL in June 1951 (2), pointed 
out the general lack of a safety pro- 
gram in the water industry and sug- 
gested the need for additional study. 
The Board followed this suggestion in 
January 1952 when it authorized the 
formation of four new task groups to 
study and report on safety practices 
in the following functions: supply; 
treatment and pumping; distribution ; 
and administration. It is expected that 
these groups will submit their reports 
at the 1953 convention. It is hoped 
that these reports will form the nucleus 
of a safety practice manual or perhaps 
a chapter in the Board’s authorized 
superintendents’ manual. Thus, the 
Association is aiming at a comprehen- 
sive safety practice program for all. 
To obtain the benefits of such a pro- 
gram, however, the utilities must apply 
it to their activities. The final decision 
to “play safe” rests entirely with the 
water works man. 
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ing, Jefferson City, Mo., by James B. Ramsey, Chief Engr. and Suft., 
and H. Louis Roose, Safety Engr., both of the Kansas City Water 


Dept., Kansas City, Mo. 


i August 1951 the Kansas City Wa- 
ter Dept. took the first step toward 
establishing a safety program. As a 
result of this program, the accident 
frequency rate for the first eight months 
of 1952 was less than one-fourth the 
rate for 1951. 

A safety program is really good busi- 
ness. It pays off in big dividends. A 
check of the records recently showed 
that the cost of carelessness to the Kan- 
sas City Water Dept. for the period 
March-September 1952 was $4,360, 
compared to $16,473 for the same pe- 
riod in 1951. These costs included 
wages paid to injured employees while 
they were not working because of their 
injuries, doctor and hospital bills, and 
settlement of claims for injuries and 
damage to property. In six months, 
$12,113 was saved on these items, all 
of which are directly affected by a 
safety program. In addition, employee 
morale and efficiency have increased 
tremendously. There is no adequate 
yardstick for measuring the monetary 
value of these assets, but it undoubt- 
edly amounts to thousands of dollars a 
year. 

The Kansas City Water Dept. safety 
program has been introduced as a 
cold-cash proposition, but there are 
other considerations. Some laws re- 
quire that the employer provide a safe 
place for his employees to work. The 


penalty for failing to do so is some- 
times rather severe. The moral aspects 
must also be considered. No one 
likes to have people hurt or killed if 
it can be avoided. It is decent and 
humane to prevent the death or injury 
of the man on the job. All too often 
in the water works business and in 
other businesses a profit must be shown 
to be available before a new project 
can be undertaken. For that reason, 
the author has stressed the financial 
benefits of an active, functioning safety 
program, 

Weiser (7) recently stated, and the 
authors agree, that: “A safety program 
bears some of the aspects of a good 
contract; it confers benefits on both 
parties. It benefits the business and 
it benefits the people who work for 
the business. We should be thankful 
indeed that accident prevention, al- 
though justified by good business man- 
agement, does confer important bene- 
fits upon all concerned.” 

The Kansas City Water Dept. has 
just started a safety program and is 
already counting the benefits in the 
thousands of dollars. The department 
expects to do much better, as it is aim- 
ing at nothing less than a perfect ac- 
cident record. Such a record would 
certainly benefit the company finan- 
cially and would benefit and encourage 
all of the employees. 


i 
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Accident Rates 


Statistics compiled by the National 
Safety Council and other reliable or- 
ganizations show that an average of 
approximately 16,000 occupational fa- 
talities and 2,000,000 disabling occupa- 
tional injuries occur each year and that 
the annual cost of these on-the-job in- 
juries is almost $2,670,000,000. 

Many water works men feel that 
their plants are too small to have a 
safety program. Data compiled by the 
U.S. Dept. of Commerce and the 
National Safety Council show that 
plants employing fewer than 100 work- 
ers have an accident frequency rate 
almost double that of plants employing 
1,000 or more. It should be remem- 
bered that 90 per cent of all manufac- 
turing plants employ fewer than 100 
workers. The percentage of water 
works plants with fewer than 100 em- 
ployees is even higher. 

The 1951 national all-industry acci- 
dent frequency rate was 9.06. This 
figure means that there were 9.06 dis- 
abling injuries or lost-time accidents 
for every 1,000,000 man-hours worked. 
A lost-time accident is defined as one in 
which the injured worker is unable to 
return to work on the day following the 
accident.* 

In 1951, the average of the 36 wa- 
ter works companies reporting was 
30.0—more than three times the all- 
industry average. In the seventeen 
reporting water works plants which 
had fewer than 100 workers, the figure 
was 57.9—about twice the average of 
the large water plants and more than 
six times the all-industry average. Al- 
though these figures for the water 


* Assuming a 40-hour week and two weeks’ 
annual vacation, a laborer would work 2,000 
man-hours per year. 
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works industry came from only 36 
plants, they probably paint too favor- 
able a picture of the industry because 
they were from plants that have some 
kind of safety program, as indicated 
by their reporting accident records to 
the National Safety Council. 

The figures show that the water 
work industry is not a safe one to work 
in. They also show that the small 
water plant is at least six times as dan- 
gerous as the average of all other 
industries by which a worker might be 
employed. The American Water 


Works Assn. established a safety com- 
mittee several years ago, and, in 1952, 
the Missouri Section appointed such a 
committee, of which the senior author 
is chairman, to deal with this problem. 


Establishing a Safety Program 


Making the decision to start an ac- 
tivity is often harder than carrying it 
out. For years the Kansas City Wa- 
ter Dept. had been in favor of a safety 
program, but had never made the de- 
cision actually to have one. Naturally. 
nothing at all was accomplished. But 
when it was decided to have a safety 
program—the already bad accident rec- 
ord seemed to be getting worse—things 
really started to happen. A man was 
hired to take charge of the program. 
Many plants are not large enough to 
be able to afford a full-time safety man, 
but, in a small plant, a full-time safety 
man is not required. The heads of 
these small utilities seem to forget 
that often in the past they have taken 
on new or additional responsibilities 
when work assignments had to be re- 
distributed or old and unnecessary pro- 
cedures discarded to make way for the 
new work. Starting a safety program 
is the same kind of problem. By mak 
ing someone in the organization re- 
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sponsible for running a safety and ac- 
cident prevention program and by ar- 
ranging his work load so that he can 
handle the new assignment, a safety 
program can be established. 

The Kansas City Water Dept. has 
had to adjust to the safety program. 
The authors have had to rearrange 
schedules to accommodate safety work. 
The superintendents, foremen, and 
even the workers have felt the impact 
of this new responsibility and have 
found ways to absorb it so that it is be- 
coming a part of the normal work ac- 
tivities. 

No matter what size the plant, some- 
one must lead and be responsible for 
the safety program, just as there are 
leaders for other activities in the plant. 
As the program advances, the work load 
on the leader will not be as great as it 
appeared at first. When the idea begins 
to catch on, the responsibilities for the 
program will become distributed among 
all the employees. 


Safety Consciousness 


The Kansas City Water Dept. felt 
that the real key to the success of a 
safety program was the development of 
an attitude of safety consciousness in 
the mind of each employee. This feel- 
ing has been intensified after a year’s 
experience, and most of the depart- 
ment’s activities have been aimed at 
increasing safety consciousness. 

Safety is primarily the product of 
engineering and training. Safety en- 
gineering, insofar as most plants are 
concerned, is primarily the maintenance 
and proper operation of machines, 
tools and equipment, and structures. 
Safety has already been engineered into 
most of these things by the manufac- 
turers and builders. The user’s part of 
the engineering is to maintain them in 
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a safe condition and to operate them in 
a safe way. 

Engineering can go only so far. In 
a water works safety program, engi- 
neering is secondary to training. Even 
if the best engineered equipment pos- 
sible is used, the safety record will be 
scandalous if the workmen do not have 
the highly developed “safety conscious- 
ness” which can only be achieved 
through good training. In the au- 
thors’ plant in 1951, before the safety 
program was initiated, only five out 
of 74 disabling accidents were due to 
defective tools, materials, or equipment. 
The remainder were due to unsafe acts 
or unsafe conditions. 

Many things have been done in the 
Kansas City Water Dept. to develop 
an attitude of safety consciousness 
among all the people from top manage- 
ment down through the ranks to the 
lowest job of all. The first act was to 
pick out some feature of the operations 
which could be praised for a good safety 
record, and to demonstrate to all of 
the employees that management was 
definitely concerned with safety, or 
the lack of it; that management wanted 
to do something about it; that manage- 
ment’s attitude was friendly and co- 
operative, not vindictive; and that the 
individual employee and his coopera- 
tive effort were the most important and 
necessary items for the success of a 
safety program. 

A dinner for all employees who had 
an accident-free driving record for one 
or more years was held. Each em 
ployee was rated by the amount he 
drove while on duty—for example, any- 
one who drove only one-fifth of the 
time had to have a total elapsed time 
of five years without an accident to be 
eligible to attend the dinner. The com- 
pany that carries the liability insurance 
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TABLE 1—Kansas City Water Dept. 


Hours Worked 


No. of Minor Injuries Reported 


Division 


1951 


May 


1952 1952 


Administration 15,901 
Collection 

Engineering 
Garage | 
North Kansas City 
Pipeline 
Turkey Creek 


74,348 
75,904 
51,664 
Water Service 


Total | 364,815 


| 


60,517.5 
13,659.5 
5,480.5 


67,340.5 


16,720 
66,969 
16,671 

5,994 
79,093 
80,974 
61,339 
58,405 


aK OSS 


386,171 


* Number of disabling injuries for every 1,000,000 man-hours worked. 


t Average. 


on the water department’s vehicles co- 
operated by furnishing, free of charge, 
“safe driver’s award” cards, which were 
signed by the city manager, and ster- 
ling-silver lapel pins on which were 
engraved the driver’s name and num- 
ber of years of accident-free driving. 
The city manager came to the dinner 
as the principal speaker and to present 
the awards individually to each driver. 
Other guests included a representative 
of the National Safety Council, the 
head of the police traffic bureau, and a 
representative of the water depart- 
ment’s insurance company. 

The dinner was a huge success. 
Management gained a_ tremendous 
amount of good will, and employees 
were recognized and honored for 
good safety records. And best of all, 
everyone in the water department was 
aware that something new had been 
added. Safety consciousness had gotten 
its foot in the door. Many water de- 
partments feel they could not have an 
event of this kind. A year ago the 
Kansas City Water Dept. would have 
felt the same way, but ways and means 


were found. Certainly a celebration of 
some type could be held in any water 
department. 


Recognition 


The Kansas City Water Dept. has 
maintained the policy of recognizing 
good safety records as they are estab- 
lished. Primarily this recognition has 
taken the form of letters of commen- 
dation from the director of the depart- 
ment to the individuals or sections con- 
cerned. Copies of these letters are 
posted on all bulletin boards so that 
all employees know that management 
has a continuing interest in safety. 

One of the most spectacular inci- 
dents resulting in outstanding recogni- 
tion occurred recently. One of the 
water department employees, Nora 
Brown, saved the life of a fellow work- 
man by his cool-headed, quick action 
during an emergency and by the ap- 
plication of first aid afterwards. The 
plant safety supervisor wrote up the 
details of the incident, obtained affi- 
davits from witnesses and the attend- 
ing physicians, and submitted the in- 
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Accident Report, 1951 and 1952 Through May 


No. of Major Injuries Days Charged 


Severity—ahr Frequency Rate* 


May 


1952 1952 


1951 


formation to the Red Cross for con- 
sideration for an award. The Red 
Cross awarded Nora Brown a certifi- 
cate of merit, its highest award for life- 
saving and first aid. The presentation 
was filmed for television. This was an 
unusual occurrence, one that will not 
happen in many plants, but the point 
of the story is the importance of giv- 
ing recognition to outstanding safety 
work, another strong plank in the safety 
consciousness platform. 


First Aid 


One of the next steps in the Kansas 
City program was the training of em- 
ployees in first aid. Such training 
ranks high as an aid in establishing 
safety consciousness. The Red Cross 
first aid textbook lists four purposes of 
this training, the first of which is: 
“To prevent accidents. Experience 
shows that people trained in first aid 
are safety conscious and their accident 
rate is lower than that of untrained 
persons.” The Kansas City Water 
Dept. has given the first aid course to 
58 employees to date. The department 


| 
| 
| 


| 
| 


intends to continue to conduct several 
classes a year. The course is given on 
company time and the water depart- 
ment buys the textbooks and materials. 
This course is available through the 
Red Cross throughout the country. 


Safety Meetings 


Safety meetings at all levels in the 
Kansas City Water Dept. have been 
started. The first meetings were 
those among the top supervisors. 
Meetings were held weekly at first 
but are now scheduled once each 
month. These meetings last approxi 
mately two hours and are concerned 
with ways of carrying on the program, 
discussion of accidents that have hap- 
pened, and means for preventing ac- 
cidents. 

After a few of these supervisors’ 
meetings had been held and the suner- 
visors were beginning to feel at ease 
in such a meeting, they started holding 
similar meetings among the employees 
in their divisions. These meetings are 
held on company time either at the 
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beginning of the work day or just af- 
ter lunch time. They last approxi- 
mately 30 min or less. Those attend- 
ing any one meeting either work to- 
gether as a crew or do similar work in 
separate crews. The meetings have 
settled into a regular pattern and are 
held either twice a month or once a 
month, as circumstances seem to re- 
quire. The meetings are conducted by 
a chairman selected by the group and 
minutes of the proceedings are kept. 
These meetings have been extremely 
worth-while activities. The majority 
of the employees are very interested in 
cooperating with management in this 
program. The meetings give the em- 
ployees a chance to tell of some unsafe 
condition or procedure and to get cor- 
rective action. 

One of the first rules laid down by 
management was that every question, 
suggestion, complaint, or idea on safety 
or accident prevention raised by the 
employees had to be acted on one way 
or another by supervision. To be sure 
that action is taken, copies of the min- 
utes of the meetings are filed with the 
superintendent and safety supervisor. 
Some suggestions are made because 
of ignorance of the circumstances or 
lack of understanding on the part of the 
employee. A careful explanation, 
demonstration, or illustration is made 
by a foreman, the superintendent, or 
the safety supervisor before the whole 
group, either at that meeting or a sub- 
sequent meeting, to clarify the matter 
both for the employee who raised the 
question and for the rest of the group. 
There have been no situations to date 
that have not been handled to every- 
one’s apparent satisfaction. Literally 
dozens of good, sound suggestions that 
have really contributed immensely to 
the success of the program have been 
made. 
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One big advantage of these safety 
meetings is the freedom men feel to ex- 
press their opinions with confidence 
that they will be given consideration. 
Many of the really good suggestions 
that have come out of these safety 
meetings had been made before the 
safety program was initiated, but the 
foreman or superintendent had not 
considered the matter important, or had 
neglected to act, or, frequently, had 
simply passed the buck to someone 
else. Frequently the men were re- 
luctant to push their suggestions be- 
cause they naturally feared displeasing 
their superiors. In group meetings and 
in the atmosphere that the department 
has tried to establish, the men need 
not fear to express their ideas. Also, 
the opinion of the group on certain 
specific incidents of unsafe work hab- 
its and practices of individual employ- 
ees has carried enough weight to cause 
some individuals to change their ways 
for the better. The kind of attitude and 
resulting lack of action that existed 
before the safety program was initiated 
contributed greatly to poor morale, 
careless and inefficient work, and a 
shamefully high accident rate. 

Since the safety program has been 
in progress, morale is much better than 
it has been in years. Equipment has 
never been in better shape. The em- 
ployees feel more important in their 
jobs because they know from many ex- 
amples in the last year that manage- 
ment is really interested and wants to 
get the worker’s opinions and sugges- 
tions on working conditions. They 
have a feeling of belonging and being 
a part of the team that they never had 
before. 


Safety Records 


One very important item in a safety 
program is the maintenance of an ac- 
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cident record. Records in safety work 
permit current operations to be com- 
pared with past operations and pro- 
vide a means of pianning for the fu- 
ture. Records also help to establish 
a competitive spirit between divisions 
of a particular plant and between plants 
in the industry. 

The Kansas City Water Dept. had 
kept accident records for a number of 
years as a part of the payroll record 
system. These records meant noth- 
ing, however, until they were compared 
with records of 67 other plants in Kan- 
sas City. The department was some- 
what alarmed to discover that its rec- 
ord was twice as bad as the next worst 


TABLE 2 


Accident Statistics of Kansas City Water 
Dept. for Year Ending Dec. 31, 1951 


Man-hours worked 
Avg. number of employees, operat- 
ing divisions 359 
Avg. number of employees, total 457 
Number of lost-time accidents 74 
Work days lost, actual 671 
Work hours lost 5,368 
Frequency rate 82.45 
Severity rate 0.747 


898,720 


utility, and that out of the entire list 
of 67 plants, only one other plant had 
a record as bad as that of the water 


department. The revelation that the 
water plant had next to the poorest 
safety record in Kansas City stung the 
department into action. The water de- 
partment’s position has been greatly 
improved and it hopes soon to have 
one of the safest plants in Kansas City. 

The furnishing of accident experi- 
ence records of the various divisions 
of the company to every division has 
had a desirable effect. Those divi- 
sions having the worst records were 
embarrassed and are striving to do 
better and those having the best records 
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are trying to maintain their favorable 
position. The division that had the 
worst record is still in last place, but 
the accident frequency rate for the first 
nine months of 1952 was only 44 per 
cent of the rate for a similar period in 
1951. At one of the safety meetings 
in this division early in 1952, a foreman 
opened the meeting with the following 
statement: “Men, | have here a copy 
of our accident record for last year. 
It shows that if we are as careless and 
unsafe in our work as we were last 
year, there will be eight of us severely 
injured this month.” That statement. 
made from the safety record of the 
year before, transformed the word 
safety into a very personal thing. Who 
was going to get one of those severe 
injuries ? 

The two divisions with the next 
worst records did not have a single 
lost-time accident in the first nine 
months of 1952. Until the record was 
made available to them, they did not 
realize how bad conditions where they 
worked were, and that those conditions 
were due, for the most part, to their 
own carelessness. These two divisions 
have a total of 144 men. Last year 
sixteen of these men suffered major 
injuries. The record showed that more 
than one out of ten would suffer a 
severe injury if they did not change 
their ways. One chance in ten makes 
poor odds when the penalty is severe 
injury or death—poor enough to make 
safety a personal matter. 

Accident records are distributed 
each month to all supervisory employ- 
ees. As shown in Table 1, these re- 
ports give the accident experience of 
each division for the last year and the 
current year to date, and for the latest 
month. The bottom half of the page 
contains a newsletter type of message 
on safety, such as the following: 


J. B. RAMSEY & H. L. ROOSE 


Jour. AWWA 


TABLE 3 


Nature-of-Injuries Summary 


Type Injury 


Briises, contusions, cuts, and lacerations 

Sprains, strains 

Fractures 

Burns 

Eye injuries 

Miscellaneous (2 dog bites, 1 hernia, 1 
heatstroke) 


Total 


Type Accident 


Falls on same level 
Falls to another level 

Slips causing strains (not falls) 
Falling, sliding, flying objects 
Caught in or between objects 
Struck against object 

Burns and scalds 

Poisoning, infections (flood) 
Other 


Total 


Hazard Patterns 
Eye injuries 
Defective tools, material, or equipment 


Excavations, cave-ins, or climbing in, out, or over 
Operation of cranes, backhoes, and hoist equipment 


Operation of tampers and jackhammers 


Trucks or vehicles, injured by or in collision with 


Total 


We're headin’ in the right direction as 
seen in the figures on this May report. 
A leg fracture prevented continuation 
of April's accident-free month. Several 
of the foremen whose men experienced 
minor injuries this month have reported 
that the same kind of accident will never 
happen again because the accident was 
investigated, discussed, the cause found, 


| 
| 
| 
| 


No. of 
Accidents 


Severity 
per cent 


Time 


Per Cent 
Charge—sr 


of Total 


40.76 
17.29 
28.46 
3.28 
2.00 
8.38 


43.2 
28.4 
10.8 
6.8 
5.4 
5.4 


2,188 
928 
1,528 
176 
108 
440 


100 5,368 100 


Time 
Charge—Ar 


No. of Per Cent 
Accidents of Total 


9.46 
8.11 
13.51 
13.51 
22.97 
18.92 
6.76 
2.70 
4.05 


Severity 
per cent 


576 
184 
928 


10.73 
3.43 
17.29 
11.55 
33.98 
18.48 
3.28 
0.52 
0.75 


100 100 


Severity 


Charge—Ar per cent 


3,224 | 100 


and preventive procedure agreed to by 
all the crewmen. That's teamwork! 
Ever see a cat push her tail into a 
corner and stand off a dog? She does 
it only when she can’t climb a tree or 
make a run for it. The foreman who 
alibis with “I told the guy!” is in the 
same kind of tight spot. One of his men 
disobeyed instructions and got hurt, and 


30 
| — =: | 
21 | 
8 | 
5 
4 
| | | 
| 74 | 
| — 
7 | | 
| | i | 
10 
10 620 | : 
17 1,824 
14 992 
5 176 
2 28 
| 3 40 | 
| No. of Time | 
| Accidents | iy 
| 4 1200 | 3.72 
5 136 4.22 
7 652 20.22 
6 700 21.71 
6 784 | (24.32 
7 | 25.81 
35 | 
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he’s making loud noises about what's 
wrong with human nature—the other 
fellow’s. Suppose you do tell the guy. 
Suppose he gets hurt anyway, and you 
are called upon to explain. If all you 
did was to tell him, you might have saved 
your breath. 

When you want a man to do a job your 
way—the safe way—you don't just tell! 
him. You show him, explain, sell and 
convince him, and let him try it. You 
make him do it, yes, but stick with him, 
watch him do it, and check later on to 
see that he does it that way and gets 
along all right. There’s more to training 
than just conversation! The foreman 
who knows this will most certainly be 
able at year’s end to point to the work 
record of his crew and show top rating 
for safety, quality, and quantity per- 
formance—and he'll never have to back 
his tail into a corner and desperately try 
to stave off savage accident or injury 
facts with “I told the guy!” 


An annual record (Table 2), as well 


as an annual summary of the types of 
injuries, types of accidents, and hazard 
patterns (Table 3), is also prepared. 
Occasionally, a one-page instruction 
sheet on “Beating the Heat,” “Safety 
in Teamwork,” or other similar sub- 
jects is distributed. 


Another innovation that has im- 
proved safety consciousness is the safety 
scoreboard. <A bulletin board placed in 
a prominent spot in the plant or divi- 
sion headquarters shows the number 
of days that have elapsed since the last 
minor or major injury. 


Accident Investigation 


The importance of accident investi- 
gation cannot be overstressed. The 
Kansas City Water Dept. requires a re- 
port on every injury, whether minor 
or major. Every major injury is in- 
vestigated fully to determine the 


WATER UTILITY SAFETY PROGRAM 31 


circumstances causing the injury— 
whether it was due to an unsafe con- 
dition or an unsafe act—what action 
could have been taken to prevent the 
accident, and what action can be taken 
to prevent similar accidents in the fu- 
ture. Every accident is discussed with 
the work group involved as soon after 
the accident as possible. Most of these 
discussions are held at on-the-job 
meetings and usually the preventive 
remedies are suggested by the workers. 
It is desirable to have the victim at the 
meeting if it is at all possible to get 
him there. He is generally better able 
to tell what happened than anyone else 
and his presence makes the meeting 
more vital and significant in the eyes 
of the rest of the workers. 


National Safety Council 


The Kansas City Water Dept. joined 
the National Safety Council shortly af- 
ter starting its safety program and has 
received many worth-while benefits 
from it. In addition to the consultation 
services, publications, and _ statistical 
services that have been of great help 
to the safety supervisor, innumerable 
pamphlets, posters, and bulletins have 
been available for distribution to all 
the employees, or for posting on bul- 
letin boards. Some of this material— 
such as small cartoon type posters that 
are inserted with each employee’s pay- 
check and that are changed for each 
payday—has been ordered at extra 
cost. Most of the material used, how- 
ever, has been available as part of the 
service furnished from the member- 
ship dues. All of this material has been 
directly related to the water depart- 
ment’s safety program because it has 
all helped to develop safety conscious- 
ness. 
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Conclusion 


All of the efforts of the authors’ wa- 
ter department have been aimed at de- 
veloping safety consciousness. The 
statement that safety consciousness is 
all there is to a safety program is cor- 
rect to a certain extent, as it is impos- 
sible to have an effective safety pro- 
gram if employees are not conscious of 
safety. A safety program contains 
many other elements—such as safety 
meetings, first aid courses, safety rec- 
ords, accident investigations, safe job 
procedures, safety rules and regula- 
tions, awards and penalties for good or 
bad safety performance, and_ safety 
committees—but they are all meaning- 
less in the absence of safety conscious- 
ness. The Kansas City Water Dept. 
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has changed many job procedures to 
make them safer and has established 
many rules. Few if any of the workers, 
however, have been acutely aware that 
such changes were being made because 
the changes have come naturally with 
the new attitude. 

The safety program carried out in 
Kansas City could be duplicated in any 
other water plant, regardless of size, 
with on‘y slight alterations to fit special 
requirements. The benefits of an ac- 
tive safety program are many and are 
well worth the effort. 
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Liberalization of NPA Regulations 


Effective Jan. 1, 1953, the liberalization of CMP Regulation 6 by the Na- 
tional Production Authority permits water and sewage systems to self-authorize 
purchase orders for the following amounts of controlled materials per project. 


per quarter for construction : 


25 tons of carbon steel and alloy steel, including all types of structural shapes 
(not to include more than 23 tons of alloy steel and no stainless steel) 

5,000 Ib of copper and copper-base alloys 

2,000 Ib of aluminum (raised to 4,000 Ib, effective May 1, 1953) 
The former limitations on self-authorized purchases were: 5 tons of carbon steel, 
1,000 Ib of copper, and 2,000 Ib of aluminum. 

Water and sewage systems making self-authorized purchases will use the 


allotment symbol T-9. 


Also etfective Jan. 1, 1953, the dollar timit on DO rating authority for pur- 
chase of noncontrolled building equipment and production machinery is raised 
to $100,000 on building equipment and $200,000 on production machinery. 

The new provisions will simplify the paper work required to obtain con- 


trolled materials needed for small construction projects. 


Materials in excess of 


the limits stated can be obtained only through facilities of the NPA Water Re- 


sources Division. 


Aerobic and Anaerobic Iron Corrosion 
in Water Mains 


By C. A. H. Von Wolzogen Kuhr and L. S. Van der Vlugt 


A paper originally published in the Nov. 22, 1951, issue of Water, a 
publication of Moorman’s Periodical Press, The Hague, Netherlands. 
Translated from the Dutch by Willem Rudolfs, Chairman, Dept. of 
Sanitation, Rutgers University, New Brunswick, NJ. 


HE points to be covered by this 
paper may be summarized as 
follows: 

1. Mechanical stresses that develop 
in different parts of the iron during 
the production of water pipe provide 
the seat for cathodes and anodes on 
the iron surface. Clean, as well as 
poorly protected, iron surfaces are pre- 
destined to corrode in the anodic areas. 

2. The primary internal corrosion 
reaction : 


Fe + 2H,O s Fe(OH), + 2H 


moves to the right if the corrosion 
hydrogen and ferrous hydroxide are 
removed from the chemical equilib- 
rium. During aerobic corrosion, this 
removal occurs by chemical oxidation, 
resulting from the dissolved oxygen 
present in the water and forming water 
and ferric hydroxide. 

3. The chemical reaction is soon dis- 
placed by a_ biochemical oxidation 
caused by two specific physiological 
groups of bacteria—oxyhydrogen bac- 
teria and iron bacteria. This oxidation 
process, which is catalytically acceler- 
ated, can be viewed as the result of a 
microbiological accumulation of these 
bacteria. The oxidation of the corro- 
sion hydrogen into water is accom- 
plished by the oxyhydrogen bacteria on 


the cathodic iron suriace, and the oxi- 
dation of ferrous to ferric hydroxide 
by the iron bacteria on the anodic area. 

4. The localized accumulation of a 
voluminous corrosion product in the 
form of iron rust, bound by iron bac- 
teria and strengthened by incrustations 
of calcium carbonate, manganese di- 
oxide, and other compounds into a re- 
sistant mass, induces the formation of 
tubercles. The tubercles are a visual 
manifestation of the anodic action on 
the internal iron surface. The soluble 
ferrous compounds diffuse outward to 
the surface of the tubercle where they 
are oxidized by iron bacteria. The 
insoluble hydroxide deposits in layers, 
and an increase in the size of the tuber- 
cles results. 

5. Gradually more and more of the 
iron surface is covered by the continu- 
ous deposition of iron rust which 
brings into action the differential aera- 
tion principle ef Evans (1; 2, p. 100) 
whereby the anodic areas continue to 
expand. The tubercles may expand 
individually or combine into groups. 

6. If the oxygen consumption of the 
iron bacteria is high, the inside of the 
tubercles may become gradually ana- 
erobic. In accordance with the Pas- 
teur principle (3), this anaerobic con- 
dition is a prerequisite for the develop 


34 Cc. A. H. VON WOLZOGEN KUHR 
ment of anaerobic sulfate-reducing spi- 
rilla which are present in the tap water. 
The aerobic iron corrosion begun ini- 
tially by the oxyhydrogen and iron 
bacteria is changed inside the tubercle 
to anaerobic corrosion by the sulfate- 
reducing spirilla. 

7. When the progress of corrosion 
is governed primarily by the depolari- 
zation process, the attack on iron can 
be reduced simply to the action of 
hydrogen-oxidizing bacteria, no matter 
whether the oxidation is caused by 
aerobic oxyhydrogen bacteria or ana- 
erobic sulfate-reducing spirilla. 

8. A study of the principles involved 
in internal iron corrosion of water 
mains leads to a consideration of the 
economic necessity for inactivating the 
cathodic and anodic differences— 
caused by tension in the metals pro- 
duced during construction of the pipes 
—by application of proper internal 
protective materials. 

9. The following is a schematic rep- 
resentation of the iron corrosion 
process : 


Corrosion: 
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Iron Corrosion Research 


Rust is a common occurrence in 
water distribution systems. Water 
flushed from dead ends is turbid be- 
cause of the yellow-brown or brown 
iron rust, which consists primarily of 
the corrosion product ferric hydrox- 
ide ; hence, the iron exists in a trivalent 
condition. 

The iron rust in the mains should 
not be confused with the ferric com- 
pounds existing in the water itself. 
Microscopic examination of  iron- 
bearing water frequently shows the 
presence of threadlike iron bacteria, 
whereas examination of the inside wall 
of the pipe may show that the protec- 
tive bituminous coating is in poor con- 
dition. Thus, contact between water 
and metal is possible, and corrosion 
has taken place. 

A bituminous coating does not give 
protection when cracks and crevices 
reach the metal surface. Moreover, 
one part iron may cause more than 
ten times that amount of wet iron rust 
(4). Because of the increase in vol- 


Fe + 2H,O — Fe(OH), + 2H (Corrosion Hydrogen) 


Depolarization 


Aerobic 
Oxidation 


Anaerobic 
Oxidation 


(Oxidation of Corrosion H) 
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H-Oxidizing 
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Iron bacteria 


Oxyhydrogen 
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+ HO +O 
2Fe(OH); + a cal 
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y 
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Sulfate-reaucing 
Spirilla... HSO, + 8H — 
HS + 4H,0 + ccal 
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ume, the localized cracks are widened 
(5). 

On improperly or poorly protected 
pipe, tubercles are usually present in 
the form of humps, knobs, clods, pim- 
ples, pocks, or warts, which differ in 
appearance and size. These excres- 
cences may occur in groups similar to 
mountains and hills in miniature. The 
color varies from light yellow to dark 
brown. Internally the structural layers 
are often clearly discernible by the dif- 
ference in color. Eventually the en- 
larged tubercles may materially reduce 
the diameter of the pipe and obstruct 
water flow. 

Old tubercles are frequently hard 
because of incrustations of calcium car- 
bonate, manganese dioxide, and com- 
pounds of magnesium, silicic acid, and 
phosphoric acid (6). Opening of tu- 
bercles may expose a watery mass con- 
taining ferrous sulfide and hydrogen 


sulfide, undoubtedly the result of sul- 
fate reduction, while the surface of the 
pipe at the location of the tubercle is 


attacked. The tubercles vary in ap- 
pearance and composition, depending 
upon the character of the water. Olsen 
and Szybalski (7), in reviewing the 
literature, indicate that tubercles are 
frequently related to corrosion pittings, 
whereas iron bacteria (Gallionella fer- 
ruginea, Leptothrix ochracea and oth- 
ers) are present in the tubercles. Ol- 
sen and Szybalski point out that the 
relation between the bacteria and tu- 
bercles should be considered with cau- 
tion. From their experiments these 
writers conclude that iron bacteria play 
a decided role in the corrosion process, 
but the authors’ investigations indicate 
that another microbe group with dif- 
ferent physiological characteristics is 
most important. Other papers (8-12) 
dealing with the internal attack of iron 
water pipes state that iron bacteria play 
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a role. The authors agree with Had- 
ley (13) that the role played by iron 
bacteria in internal iron corrosion has 
not been clarified by the various inves- 
tigations. He indicates the need to 
clarify the relation between iron bac- 
teria, sulfate-reducing spirilla, and tu- 
bercle formation. To date no study 
on internal attack showing the connec- 
tion between aerobic and anaerobic 
iron corrosion and the aerobic and ana- 
erobic flora present is known. This 
paper deals with the relation between 
internal corrosion and the aerobic and 
anaerobic organisms present in the 
water. 


Aerobic Iron Corrosion 
From a physical-chemical viewpoint, 
the corrosion reaction, 


Fe + 2H,O Ss Fe(OH), + 2H 


is a heterogenic equilibrium, and the 
“principle of labile equilibrium” of 
Van’t Hoff and Le Chatelier is applica- 
ble, which means that the reaction will 
proceed to the right or in the direction 
of corrosion if both reaction products 
are removed from the equilibrium. 
This removal occurs through oxida- 
tion when the ferrous hydroxide 
[Fe(OQH),] is changed to the insolu- 
ble ferric hydroxide [Fe(OH),] and 
the hydrogen to water. The removal 
of the hydrogen is called depolarization. 

Winogradsky (14) showed in 1888 
that the energy released by the exother- 
mic reaction of the oxidation of ferrous 
to ferric iron is utilized by iron bac- 
teria for metabolic processes and that 
the reaction is thereby catalytically ac- 
celerated. Cholodny (15) states that 
a ferrous salt solution is only slowly 
oxidized by oxygen from the air if no 
catalytic substance is present. Natu- 
ral waters containing ferrous salts are 
comparatively rapidly and completely 
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oxidized to the ferric hydroxide, how- 
ever, even when there is restricted ac- 
cess to air. The conviction of Cho- 
lodny that the increased rate of oxida- 
tion is biochemical in nature—that is, 
connected with microorganisms—is 
based upon the fact that oxidation of 
ferrous to ferric iron proceeds very 
slowly when the activity of living mi- 
crobes is excluded by a disinfectant or 
by sterilization. 

That oxidation of ferrous salts in 
water solution can take place by expo- 
sure to the atmosphere, even under low 
oxygen tension in the presence of iron 
bacteria, has also led to the conclusion 
that the microbes hasten the oxidation 
reaction catalytically. | Winogradsky 
(14) concluded that the oxidation 
process was to be the energy source 
for the chemoautotrophic metabolic 
processes of the iron bacteria. Many 


attempts have been made to discredit 


this hypothesis, but the development 
of microbiology has substantiated the 
general conclusions (10). 

The massive growth of autotrophic 
iron bacteria in water distribution sys- 
tems is a result of internal iron corro- 
sion and is independent of the after- 
growth of various types of water bac- 
teria that develop through assimilation 
of soluble organic substances in the 
water. The aerobic iron corrosion 
process in tap water is catalytically ac- 
celerated by specific microorganisms, 
the iron bacteria just mentioned, and 
the microbes oxidizing free hydrogen. 


Free Hydrogen-—oxidizing Microbes 


If water in iron transmission or dis- 
tribution mains is examined for mi- 
crobes connected with the iron corro- 
sion process, it is necessary to consider 
microorganisms capable of hydrogen 
oxidation as well as the ferrous- 
oxidizing hacteria. In general, the 
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cathodic hydrogen developed by corro- 
sion in normal water as the electrolyte 
is the starting point of each corrosion 
process (17); hence, the corrosion re- 
action is: 


M +2H,O0—>M (OH), +2H 


where M is a divalent metal and H is 
the corrosion hydrogen. When oxy- 
gen acts as hydrogen acceptor, the de- 
polarization reaction is: 


2H + O>H,O + 6.9 kg cal 


This exothermic reaction sets free a 
quantity of energy. 

Many organisms are capable of uti- 
lizing free hydrogen; these microbes 
are called hydrogen oxidizers. Kluy- 
ver and Manten (1/8) discuss the me- 
tabolism of bacteria that oxidize 
molecular hydrogen. De Saussure ob- 
served in 1839 that mixtures of hydro- 
gen and oxygen disappeared when they 
came into contact with so'.  Pre- 
sumably water was formed. In 1892 
Immendorf showed that addition of 
chloroform to the soil prevented the 
utilization of the gas mixtures, indicat- 
ing the biological nature of the process. 
Kaserer in 1905 and Niklewski in 1906 
showed experimentally that bacteria 
were responsible for hydrogen oxida- 
tion. Although Niklewski described 
the organism, he was then unable to 
obtain it in pure culture, but he suc- 
ceeded in 1910. The bacteria devel- 
oped only in mineral media if the oxy- 
gen tension of the gas atmosphere was 
considerably reduced. Two types 
were isolated which also developed 
well in organic media, showing the fac- 
ultative character of these autotrophic 
bacteria. When organic material was 
added to the mineral media, hydrogen 
oxidation was inhibited. 

The hydrogen oxidizers belong to 
very different natural groups of bac- 
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teria, some of which have the power 
to oxidize free hydrogen. Grohmann 
showed in 1924 that the widespread 
hydrogen-oxidizing bacterial types dif- 
fer greatly in morphological character. 
Kluyver and Manten (18) showed in 
1942 that suspensions of “resting 
cells” of the autotrophically obtained, 
hydrogen-oxidizing organism, Hydro- 
genomonas flava, were able to oxidize 
simultaneously hydrogen and an or- 
ganic substrate in such a manner that 
both respiration processes are super- 
imposed. This observation leads to 
the conclusion that the hydrogen oxi- 
dizers contain a specific catalytic sys- 
tem for hydrogen activation along with 
the usual substrate hydrogenase. 

As noted previously, the released 
energy in the hydrogen oxidation re- 
action is used by the organisms for 
their physiological functions, including 
the formation of organic material for 
growth and metabolism. Kluyver and 
Manten (78) point out that according 
to present physiological views, carbon 
dioxide and hydrogen are the starting 
points for the formation of organic ma- 
terial and not carbon dioxide and water 
used in the photoautotrophic synthesis 
of green plants. They call attention to 
the necessity for a simultaneous car- 
bon dioxide reduction and hydrogen 
oxidation reaction. The exact coup- 
ling between both reactions of this 
chemoautotrophic process is unknown. 

Inasmuch as_ hydrogen becomes 
available during corrosion of iron 
pipe, and the water contains oxygen, 
carbon dioxide, bicarbonates, and all 
other physiological elements necessary 
for life, and only small quantities of 
soluble organic material, the water is 
an excellent substrate for the develop- 
ment of autotrophic hydrogen-oxidizing 
bacteria. It was logical, therefore, 
from the viewpoint of aerobic iron cor- 
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rosion, to study the activities of these 
organisms in tap water flowing through 
internally corroding pipes. Before 
these studies are discussed, however, 
a few remarks on the catalytic accelera- 
tion of the hydrogen oxidation re- 
action by the aerobic metal corrosion 
will be made. The reaction caused by 
the bacteria in a hydrogen-oxygen mix- 
ture is catalytically similar to the cata- 
lytic effect of finely divided platinum. 
Platinum, as platinum sponge or plati- 
num black, absorbs hydrogen and oxy- 
gen. A mixture of corrosion hydrogen 
and atmospheric oxygen is also oper- 
ated on by the hydrogen oxidizers in 
accordance with the hydrogen oxida- 
tion reaction, which, of necessity, 
means a catalytic acceleration of the 
reaction, connected chemoautotrophi- 
cally with the life process of the 
microbes. 

It is a fact that the corrosion hydro- 
gen is oxidized by the atmospheric oxy- 
gen without the catalytic effect of the 
hydrogen-oxidizing bacteria, which 
means that this hydrogen does not 
exist as molecular hydrogen, because 
the latter is not oxidized by molecu- 
lar oxygen. The corrosion hydrogen 
should therefore be considered to be 
in an active state—that is, atomic hy- 
drogen. Thus, the greater reaction 
activity of oxidation by atmospheric 
oxygen as an ordinary chemical proc- 
ess is explained. Inasmuch as the 
corrosion hydrogen from the iron cor- 
rosion process exists in an atomic 
condition, the catalytic acceleration of 
the oxidation of this hydrogen by 
hydrogen-oxidizing bacteria must be 
caused by the activation of the oxygen ; 
hence, the oxygen in this reaction also 
exists in an atomic state. This expla- 
nation is in accordance with the previ- 
ously discussed catalytic oxidation of 
ferrous compounds. The frequently un- 
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usual quantities of iron sludge in pipe- 
lines, in which the action of hydrogen- 
oxidizing bacteria is readily shown, 
supports the viewpoint developed 
above. 

The depolarization reaction in aero- 
bic iron corrosion by hydrogen 
oxidizers : 


2H + O—H,O 


may be compared with the anaerobic 
iron corrosion by sulfate-reducing 
spirilla : 


H,SO, + 8H > H.S + 4H,O 


The sulfate oxygen can oxidize the 
available activated corrosion hydrogen 
only through action of the sulfate- 
reducing bacteria, so that this oxygen, 
which is certainly not in a molecular 
state, must be considered to be cata- 
lytically activated—that is, its atomic 
state operates the hydrogen oxidation. 

This analogy makes it possible to 
consider the hydrogen oxidation by 
aerobic iron corrosion as a_ process 
whereby the oxygen is activated 
through the catalytic effect of oxy- 
hydrogen bacteria, which gives an ad- 
vantage over the ordinary molecular 
atmospheric oxygen in the oxidation 
of the corrosion hydrogen. In prin- 
ciple, therefore, there is no difference 
between the action of oxygen in bio- 
chemical aerobic and anaerobic iron 
corrosion, so that both depolarization 
reactions can be considered from one 
angle to provide a clearer and simpler 
explanation. 


Aerobic Bacteria 


To determine the presence and ac- 
tivity of the commonly occurring, free 
hydrogen-oxidizing bacteria, tap water 
is passed for several months through a 
flask equipped with inlet and outlet 
and containing iron, aluminum, or zinc 
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Fig. 1. Oxyhydrogen Absorption 


Apparatus 


The apparatus consists of a separatory 
funnel fused on an Erlenmeyer flask. 


in plate form. During this period tu- 
hercles of corrosion products are 
formed on the anodic areas of the metal 
surfaces. The tubercles are collected 
from the plates and placed in an ab- 
sorption apparatus filled with a washed 
mixture of hydrogen and oxygen or 
hydrogen and air. The former mix- 
ture is preferable because it can be 


— 
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completely utilized. In general, the 
gases begin to disappear after approxi- 
mately two days, the rate of disappear- 
ance increasing with time until the ac- 
tive gases have been consumed. Occa- 
sionally the gas absorption starts after 
approximately 12 hours. 

The lag in the reaction is probably 
due to the conversion of the oxidation 
of corrosion hydrogen, whereby the 
microbes accumulate in the tap water, 
to the hydrogen oxidation of the oxy- 
hydrogen gas mixture. Because the 
hydrogen of the oxyhydrogen is in a 
molecular state, it probably oxidizes 
with greater difficulty than the already 
activated corrosion hydrogen. Time is 
required for rearrangement of the 
catalytic apparatus of the bacteria. 
When this rearrangement is accom- 
plished, the oxyhydrogen reaction pro- 
ceeds smoothly and regularly, although 
relatively slowly. 

Inasmuch as the oxyhydrogen re- 
action in tap water leads essentially to 
the accumulation of the bacteria, it is 
clear that this water alone, because it 
contains the hydrogen-oxidizing bac- 
teria, also produces the oxyhydrogen 
reaction. The metal corrosion product 
has an advantage of several days be- 
cause of its larger concentration oi 
hydrogen-oxidizing bacteria. 

The absorption apparatus used con- 
sists essentially of a separatory funnel 
fused on an Erlenmeyer flask. There 
is a ground glass stopper at the inter- 
section of the funnel and flask. Near 
the bottom of the Erlenmeyer flask. 
there is a glass-stoppered outlet. The 
end of the stem of the separatory fun- 
nel is submerged in the liquid (Fig. 1). 

Using the iron in the rust obtained 
for test material, the oxyhydrogen re- 
action can be used to determine the 
activity of the bacteria present in the 
tap water. These bacteria, in contact 
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with the corroding iron, oxidize the 
corrosion hydrogen to water with the 
aid of the dissolved oxygen in the tap 
water. 

F. F. A. Cochius, the authors’ asso- 
ciate, determined experimentally the 
activity of the oxyhydrogen bacteria in 
the metal corrosion product. <A sus- 
pension of the corrosion product ob- 
tained from 50-300 mg metal, sufficient 
to fill entirely the lower section of the 
apparatus, was introduced into the ap- 
paratus through the tube. After clos- 
ing, the washed oxyhydrogen gas was 
passed through the neck of the appa- 
ratus with the aid of a capillary so that 
the liquid was forced to the upper sec- 
tion of the apparatus and then the stop- 
per in the middle of the apparatus was 
closed. 

The absorption of the gas is ob- 
served by the reduction in liquid vol- 
ume in the upper section when the 
stopper is opened. The reduction in 
volume during several weeks amounted 
to an average of 15 ml for iron, 3 ml 
for zinc, and 9 ml for aluminum per 
day. Maximum daily reductions were: 
iron 20, zinc 6, and aluminum 77 ml. 
The rate of gas consumption was prob- 
ably related to the degree of bacterial 
infection of the corrosion product. 

Microscopic observation showed that 
the iron corrosion product always con- 
tained iron bacteria, which utilize 
chemoautotrophically the energy- 
producing reactions : 


ferrous + O — ferric 


The logical question is whether the 
iron bacteria are present alongside the 
oxyhydrogen bacteria or whether they 
themselves are oxyhydrogen bacteria 
which are able to perform the depolari- 
zation reaction: 


2H +O—-H.O 


ll 
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This question cannot, as yet, be an- 
swered. To identify chemoautotrophic 
iron bacteria that are present in the 
rusty sludge as oxyhydrogen bacteria, 
it is necessary to induce a pure culture 
of these iron bacteria to produce an 
oxyhydrogen reaction. To obtain such 
a pure iron bacteria culture is not yet 
possible. At any rate, it can be con- 
cluded that the stimulation of the aero- 
bic iron corrosion process, through the 
activity of the oxyhydrogen bacteria, is 


1 


Fig. 2. Chemical Anodic Reaction 
The medium consisted of 10 per cent gela- 
tin and 0.25 per cent potassium ferri- 
cyanide. The reaction is shown at the 

end of three days. 


strongly aided by the iron bacteria 
which oxidize ferrous to ferric iron, so 
that both groups of organisms are inter- 
related in this process. The oxyhydro- 
gen test and the presence of iron bac- 
teria in the iron pipe sludge are deter- 
minate factors in judging the occur- 
rence of aerobic corrosion. 

The fact that in metal corrosion in 
tap water, whether corrosion of iron, 
zinc, or aluminum, activity of oxy- 
hydrogen bacteria occurs, indicates that 
the function of these bacteria is the 
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same—namely, oxidation of corrosion 
hydrogen to water. This means, from 
a corrosion standpoint, the depolariza- 
tion of the cathode in the corrosion ele- 
ment is the most important condition 
for the initiation of corrosion. 

Thus, it appears that the aerobic 
metal corrosion in tap water, especially 
attack on iron, is nothing but the result 
of an accumulation on the interior iron 
wall of corrosion hydrogen-oxidizing 
bacteria, namely the oxyhydrogen bac- 


Fig. 3. Biochemical Anodic Reaction 


The sample was allowed to remain in 
running tap water for 30 days. 


teria and the ferrous iron-oxidizing 
bacteria, both of which satisfy their 
chemoautotrophic requirements and 
thereby accelerate the catalytic iron 
corrosion process. 


Water Main Corrosion 


From a chemical and biochemical 
viewpoint, a comparison between the 
cathodic and anodic parts of a metal 
surface can be made. These areas de- 
velop as a result of flattening, stretch- 
ing, rolling, hammering, drawing, bend- 
ing, cutting, and wringing whereas, in 
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addition to the heterogenic structure 
(2, p. 202-211) of the metal, tensions 
develop because of uneven cooling dur- 
ing production of the metal. These 
tensions form the seat of electrochemi- 
cal potential differences when the 
metals come in touch with electrolytes. 
Differences in potential indicate cath- 
odic and anodic spots in the metal, 
which are present in cast and drawn 
iron pipe surfaces as well as in the 
metal itself. 

If a piece of iron, which has been 
subjected to mechanical action (nail, 
wire, sheet iron), is placed in a clear 
10 per cent gelatine solution with 0.25 
per cent potassium ferrocyanide, diffu- 
sion spots of Turnbull blue develop in 
a few hours or days, with cathodic 
fields in between (19, 20). Cathodic 


and anodic fields can also be developed 
biochemically by subjecting the iron to 
flowing tap water. 


After a few weeks, 
iron rust accumulates wherever the 
iron is apparently anodic, whereas the 
cathodic spots occurring in between 
the anodic areas are not affected. Ex- 
periments with the rust show it to pro- 
duce the oxyhydrogen reaction and to 
contain iron bacteria. These results 
show that the oxvhydrogen bacteria 
come from the cathodic and the iron 
bacteria from the anodic parts of the 
iron surface where, respectively, cor- 
rosion hydrogen is developed and iron 
is dissolved electrochemically to the 
ferrous state. Naturally, oxyhydrogen 
and iron bacteria are both present in 
the rust because of their close proxim- 
ity on the cathodic and anodic areas. 
It should be kept in mind that the 
cathodic and anodic behavior of the 
iron surface is related to the ever- 
present microelements—such as cath- 
odic iron particles, which through some 
physical-chemical cause may he either 
more or less active than the particles 
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acting as anodes—whereas the areas 
as a whole behave as cathodic and 
anodic macroelements. 

Two comparative experiments can 
be separated into a chemical and a bio- 
chemical anodic reaction (Fig. 2 and 
3). The cathodic action of the corro- 
sion element becomes poor and stops 
if insufficient oxygen is admitted for 
the oxidation of the cathodic hydrogen 
and the consequent depolarization. 
The cathodes of the corrosion ele- 
ments present on the so-called anodic 
iron surface are gradually polarized, 
become inactive, and are replaced by 
other active elements from the vicinity. 

As a result of the gradually increas- 
ing size of the tubercle, its internal 
aeration decreases continuously. This 
decrease in aeration is aided by the 
need for oxygen of the iron bacteria at 
the surface of the tubercle, where the 
upward diffused anodic ferrous solute 
is oxidized to ferric hydroxide. 

Whenever an impediment of oxygen 
takes place, the differential aeration 
principle of Evans (1; 2, p. 100) oper- 
ates, and the anodic metal area in- 
creases at the cost of the cathodic area. 
The effect of the Evans principle is 
greatest when the oxygen consumption 
is large enough to cause an anaerobic 
condition within the tubercle, while 
aeration of the surrounding iron sur- 
face remains unhindered. Pasteur (3) 
had already called attention to the fact 
that aerobic organisms protect ana- 
erobes—that is, the aerobic organisms 
produce the conditions for anaerobes 
to exist. This principle is applicable 
to rust tubercles if the aerobic iron bac- 
teria can produce a favorable condition 
conducive to the development of ana- 
erobic organisms. The sulfate-reducing 
spirillum, Desulfovibrio desulfuricans, 
found inside the tubercles can obtain 
the necessary soluble physiological sub- 
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stances, as well as the sulfates, from 
the tap water. 

It is feasible to explain the internal 
corrosion of iron pipes on the basis of 
the following concepts : 

1. The presence of chemoautotrophic 
oxyhydrogen bacteria in tap water 
leads to accumulation of bacterial mate- 
rial on the cathodic iron surface 
through the catalytic oxidation of cor- 
rosion hydrogen. 

2. The presence of chemoautotrophic 
iron bacteria that oxidize the ferrous 
iron catalytically to ferric hydroxide, 
which together with the iron bacteria, 
accumulate on the anodic iron surface 
and later on the surface of the tubercle. 

3. The biochemical oxygen depletion 
of the water at the surface of the tuber- 
cle, which may be so intensive that an 
internal anaerobic condition prevails. 

4. The presence of sulfate-reducing 
spirilla capable of sulfate reduction 
within the tubercles under an anaerobic 
condition. 

5. The iron corrosion in the pipe, 
started as an aerobic process, can be 
continued anaerobically by means of 
sulfate reduction, whereby the corro- 
sion hydrogen is oxidized by the sul- 
fate oxygen. 

It has been indicated above that the 
cathodes of the microelements present 
on the iron surface covered by the tu- 
bercles become inactive through polari- 
zation. If the polarization hydrogen is 
oxidized by the sulfate-reducing spi- 
rilla with the aid of the oxygen from 
the sulfates, however, the cathodic ac- 
tion is restored and anaerobic iron cor- 
rosion again proceeds (17). 

Investigation shows that the pH 
value of the moist corrosion product is 
greater than 7.0. There is no reason 
why there should be much variation 
from this pH value; hence, aerobic cor- 
rosion by oxyhydrogen hacteria and 
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iron bacteria in tap water takes place 
at pH values above neutrality, similar 
to anaerobic iron corrosion through 
sulfate reduction. 

Kooijmans (2/7), in his discussion 
of the chemistry of iron corrosion, indi- 
cates the relation between aerobic at- 
tack and the protective layer formed 
on the inside of clean iron pipes. He 
concludes that the precipitation of cal- 
cium carbonate is caused by the dis- 
charge of hydrogen ions against the 
clean pipe wall. When the resulting 
increase in alkalinity is slow, the cal- 
cium carbonate crystallizes, but when 
the increase in alkalinity is rapid, the 
calcium carbonate forms an amorphous 
precipitate, especially in soft waters. 
In nonaggressive waters, amorphous 
calcium carbonate is probably precipi- 
tated, whereas in waters having greater 
hardness, the precipitate may be crys- 
talline, mixed with iron rust, which 
forms a protective layer. This re- 
action does not take place in soft water 
and hence no protective layer is 
formed. With increasing deposition of 
calcium carbonate and iron rust, the 
layer becomes denser and _ protection 
improves. This condition occurs in 
dune water. A lime-free protective 
coating may be formed when the cal- 
cium carbonate is replaced by ferrous 
carbonate. 

Kooijmans (2/) describes the purely 
chemical formation of protective layers 
during iron corrosion, but in studying 
internal iron corrosion and _ tubercle 
formation, the importance of biochemi- 
cal reactions as well as purely chemical 
action must be considered. Attention 
has been called to the occurrence of 
irregularities in the iron during the 
production of iron pipe, not only 
through mechanical operations but also 
through temperature differences dur- 
ing cooling. Thus, from an electro- 
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chemical viewpoint, the pipe is pre- 
destined to contain cathodic and anodic 
areas which must lead to tubercle for- 
mation (5, 22-24). 

Long ago the authors found dark 
colored masses in corrosion tubercles, 
sometimes a liquid containing ferrous 
sulfide. The presence of anaerobic 
sulfate-reducing spirilla can be shown 
easily when some of the corrosion ma- 
terial is used as inoculum in Beijerinck 
media and incubated at 30°C. The 
presence of sulfate-reducing bacteria 
in tubercles does not necessarily mean 
that they are active in the corrosion 
process, but the available substrate and 
the existing anaerobic condition are 
ecologically extremely favorable for 
accumulation of these bacteria. 

Under the same conditions, graphiti- 
zation takes place in external anaerobic 
corrosion of cast-iron pipe (77). The 
scalelike crusts and rust pocks, which, 
according to Kooijmans (2/), are the 
result of corrosion by aggressive water, 
have been observed by the authors in 
iron pipe transporting nonecarbon 
dioxide-aggressive water. The ob- 
served weak to strong tubercle forma- 
tion, in which the carbon dioxide has 
no particular importance in tubercle 
formation but in which a low pH ac- 
celerates the corrosion, fits the au- 
thor’s views. 

Brown (9), who discusses scale for- 
mation through iron rust, shows the 
layers in a cross section of an old tu- 
hercle, consisting of ferric hydroxide 
(formed into a resistart mass by iron 
bacteria, Gallionella ferruginea) and 
incrustations of calcium carbonate, a 
manganese dioxide, and other com- 
pounds, whereas the outer surface is 
covered by a layer of living iron bac- 
teria. The core of the tubercle con- 
sists of a dark mass containing ferrous 
sulfide (FeS). Heymann (5) shows 
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that a tubercle with a laminated crust 
has a cavity. Infrequently the authors 
have found the same thing, but the cav- 
ity is then filled with dark liquid. 

The formation of the cavity in the 
tubercle can be explained in different 
ways: 

1. By reduction of ferric hydroxide 
|Fe(OH),] from the tubercle with 
corrosion hydrogen, ferrous hydroxide 
|Fe(OH),] can be formed: 


Fe(OH), + H—> Fe(OH), + H.O 


because ferric compounds are hydro- 
gen acceptors. Through the excess of 
bicarbonate (HCO-,) ions in water the 
Fe(OH), changes easily to the soluble 
iron bicarbonate |Fe(HCO,).|: 


Fe(OH), + 2HCO , 
— Fe(HCO,), + 20H 


which diffuses outward and is oxidized 
to Fe(OH), at the surface of the tu- 
bercle. This reduction of Fe(OH), 
in the tubercle may produce a cavity, 
because the solid ferric hydroxide dis- 
appears (5). 

2. If sulfate reduction occurs in the 
tubercle, the following reaction takes 
place : 


2Fe(OH), + 3H,S 
— 2FeS + S + 6H.O 
FeS + FeS, 


The voluminous Fe(OH), is converted 
to FeS, S, and pyrites (FeS.), which 
occupy less volume than the Fe(OH), 
and hence a cavity is formed. 

3. If a tubercle consists primarily 
of colloidal ferric hydroxide, the bound 
water is dependent upon the varying 
chemical combination. The compounds 
may change on aging and the phenome- 
non of syneresis or synergetic action 
may occur, whereby the original bound 
water is freed and the colloidal mass 
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contracts. The contracting colloidal 
mass separates from the iron surface 
and a cavity is formed. The cavity fills 
itself with liquid, darkly colored by the 
FeS, which is formed as a product of 
the anaerobic sulfate reduction process. 

A combination of these three possi- 
bilities may cause cavities in tubercles. 
The size and extent of the tubercles on 
the internal iron surface may be appre- 
ciable and cause resistance to the water 
flowing in the pipe (24). Butlin (22) 
shows the size of a tubercle to be 154 
X 101 mm and approximately 38 mm 
high, consisting primarily of hydrated 
ferrous-ferric-oxide mixed with ferric 
hydroxide. Bunker (25) indicates the 
presence of FeS in the tubercle, 
whereas the description by Reddick 
and Linderman (26) shows the proba- 
bility of activity of sulfate-reducing 
bacteria in these tubercles. Bunker 
(25) found these bacteria together 


with quantities of FeS and surmised a 
relation between the bacteria and iron 


corrosion. Butlin (22), studying 
fresh tubercle contents, found 1.6 to 
2.5 per cent S as FeS and 1,000 viable 
sulfate-reducing spirilla per milligram 
of corrosion product in the internal 
layers of the tubercles. The bacteria 
were autotrophic in character. It was 
further determined that serious graphi- 
tizing of the cast iron had taken place 
under the tubercles. These authors 
(22, 25, 26) came to the conclusion 
that the number of sulfate-reducing 
bacteria and the quantity of FeS in the 
corrosion product in the neighborhood 
of the iron were roughly the same as 
those obtained by anaerobic micro- 
biological corrosion of the external 
surface of iron pipes. Hence, the ac- 
tivity of the sulfate-reducing bacteria 
was considered to be an important sup- 
plementary factor in the internal corro- 
sion of water mains. 
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Schaeffer and Van der Woude (23) 
investigated the internal attack of a 
cast-iron pipe without bituminous coat- 
ing. The internal surface of the pipe 
was covered with a red-brown rusty 
mass in the form of pimples, with al- 
ternating dark and light colored layers, 
and a black center. Under the pimples 
the iron was clearly graphitized. The 
black corrosion product had a hydro- 
gen sulfide (H,S) odor and, when ex- 
posed to air, changed to a light brown 
color. The samples of rust contained 
little, if any, FeS but, on the contrary, 
FeS,. These authors (23) found that 
the moist rusty mass contained a large 
number of sulfate-reducing bacteria 
which could be cultured without diffi- 
culty in Van Delden media. They be- 
lieved that the serious graphitization 
observed could not be the result of the 
small quantity (15 ppm) of sulfate 
present in the tap water. They also 
considered the alum used for coagula- 
tion a source of the sulfates. It is pos- 
sible that when coagulation is in- 
effective, some flocculation occurs after 
the water leaves the filters and that the . 
turbidity, containing sulfate, is de- 
posited on the pipe wall. When this 
deposit reaches a certain thickness, the 
dissolved oxygen in the water cannot 
penetrate to the iron surface and the 
condition becomes more favorable for 
sulfate reduction. Attention is called 
to the fact that FeS, was present in 
the rust. 

The senior author noted in another 
paper (27) that this polysulfide may 
be formed in a sulfate-reducing me- 
dium in the presence of Fe(OH), (see 
also 28). This reaction may occur, 
therefore, in the anaerobic part of the 
tubercle, where H,S develops and 
where, in the presence of Fe(OH), 
the FeS, is precipitated by the iron 
bacteria. Pyrites (FeS,) as well as 
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free sulfur (S), formed according to 
these reactions, are aggressive because 
they are corrosion-hydrogen acceptors. 
Free sulfur is particularly aggressive 
(17). 

No previous study of internal iron 
corrosion has indicated the causative 
relation between aerobic corrosion 
(producing tubercles) and the anaero- 
bic attack as a necessary result of the 
anaerobic condition in the center of the 
tubercle, which means the synthesis of 
both forms of iron corrosion. Inten- 
sively corroding iron water pipes in- 
duce aerobic and anaerobic action 
which is made possible by the hydrogen- 
oxidizing bacteria—the oxyhydrogen 
bacteria and sulfate-reducing spirilla— 
whereas activity of iron bacteria (if 
they are incapable of oxidizing hydro- 
gen) is limited to the important secon- 
dary oxidation of ferrous to ferric iron. 

It is not essential that the hydrogen 


bacteria complete aerobically or anaero- 


bically the oxidation of corrosion- 
hydrogen, because the actual phenome- 
non is depolarization at the cathode of 
the corrosion element where the hydro- 
gen formed is bound to an acceptor, 
which may be oxygen from the air or 
from the sulfate in the water. Viewed 
in this manner, the aerobic and anaero- 
bic biochemical iron corrosion phenom- 
ena fall into a pattern wherein the de- 
polarization process is the starting 
point and both corrosion processes 
form a natural, harmonious _inter- 
related unity. 


Conclusion 


It is clear from the discussion pre- 
sented that, from an economic stand- 
point, the cathodic and anodic areas of 
iron surfaces, which may be the result 
of metal stresses developed during pro- 
duction, must be made inactive by 
proper and effective internal protection. 
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NARUC Resolution on Relocation of Facilities 


In its efforts to lift the burden of costs of changes in utility structures neces- 
sitated by highway projects, the AWWA is happy to acknowledge the support 
of the National Assn. of Railroad and Utilities Commissioners as expressed in 
this resolution, passed by the annual convention of NARUC at Little Rock, Ark., 
in November 1952: 

WueEreas, In these times of constantly increasing cost and ever higher taxes, 
regulatory commissions are especially concerned over increased operating costs 
of utilities that necessitate higher rates to the users of such service: now, there- 
fore, be it 

Resoivep, That the National Association of Railroad and Utilities Commis- 
sioners is of the opinion that the existing discrimination against nonrailroad utili- 
ties should be eliminated and that equal treatment should be accorded all utilities 
having facilities involved in federal-aid highway projects, and 

RESOLVED FURTHER, That the committee on legislation and the legal repre- 
sentatives of this association are authorized to appear on behalf of the association 
before any committee of Congress at any hearing which may be hereafter held 
upon legislation pertaining to the above matter for the purpose of presenting the 
views of this association. 
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Effect of Free Residual Chlorination on Nitrogen 
Compounds in Water 


By Michael J. Taras 


A contribution to the Journal by Michael J. Taras, Research San. 
Chemist, Detroit Dept. of Water Supply, Dearborn, Mich. 


LTHOUGH free residual chlori- 

nation is an established practice 
in the water purification field, much of 
the fundamental knowledge about this 
treatment remains to be formulated. It 
is recognized that the nitrogen content 
of a water exerts a considerable influ- 
ence on the chlorine demand. Most of 
the literature heretofore has dwelt upon 
the reaction between ammonium nitro- 
gen and chlorine. Pertinent work on 
organic nitrogen compounds is meager 
(1, 2). Many surface waters contain 
little ammonium ion but exhibit sig- 
nificant chlorine demand. The albu- 
minoid nitrogen in these waters is an 
important factor in the chlorine demand 
of the water. The Detroit water sup- 
ply falls into this class (3). 

A previous paper (4) pointed out 
the relationship between the albuminoid 
nitrogen content and the experimental 
15-min free-chlorine demand of the 
amino acids. The inference at the 
time was that the albuminoid nitrogen 
was being attacked in some way by 
chlorine treatment. All conclusions 
were based on the determination of 
chlorine absorption alone. A study of 
the nitrogen factor after chlorination 
resulted as the natural outgrowth of 
these previous studies. 

Three analyses for nitrogen are avail- 
able to the water chemist—ammonium, 
albuminoid, and total nitrogen (5). A 
truer picture of the effect which chlori- 


nation exerts on organically bound ni- 
trogen can be obtained if all three 
nitrogen forms are determined at the 
same time. Because of the complexity 
of the chlorination reaction, the favor- 
ing of one of the analyses may give a 
distorted picture. Essentially the same 
reasoning applies to the selection of 
organic compounds for investigation. 
A comprehensive sampling of organic 
substances must be undertaken if a 
pattern is to be established. Generali- 
zations based on isolated examples of 
erratically behaving compounds, inno- 
cently selected, can be misleading. 


Nitrogen Studies 


To assure that any conclusions drawn 
from the experimental results would 
be valid, a preliminary check of the 
analytical procedures for accuracy and 
precision was necessary. Sample vol- 
umes of the size contemplated for use 
throughout the study were prepared in 
various known concentrations with am- 
monium chloride, and the recoveries 
were noted. The Kjeldahl digestion- 
distillation method yielded substantially 
quantitative recoveries. On the other 
hand, the distillation method for am- 
monium nitrogen afforded recoveries 
of approximately 85-90 per cent, and 
a supplemental 5-10 per cent distilled 
over in the albuminoid nitrogen frac- 
tion made a total nitrogen recovery of 
approximately 95 per cent. 
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Previous work (4) had disclosed 
that the albuminoid nitrogen values 
were approximately 80 per cent of the 
total nitrogen analyses of the simpler 
straight-chain amino acids. The con- 
version of an unsubstituted amino group 
to the ammonium ion by the alkaline 
potassium permanganate reagent may 
be incomplete because of complicating 
side reactions, or because of the sub- 
stantial volumes that are handled. This 
reasoning is borne out by the findings 
for ammonium recoveries. These limi- 
tations must be kept in mind when ab- 
solutes are considered. Until a better 
procedure is developed, the alkaline 
potassium permanganate reagent serves 
a useful purpose in demonstrating the 
effect which chlorination exerts on 
some amino groups. On account of the 
acknowledged shortcomings of the al- 
buminoid nitrogen determination, in- 
itial nitrogen concentrations in excess 
of 0.25 ppm were used in these ex- 
periments ; the majority of the nitrogen 
concentrations exceeded 0.3 ppm. 
Thus, it was hoped to make any effect 
of chlorination evident in spite of the 
known deficiencies of the albuminoid 
nitrogen determination. 


Experimental 


All amino acid and protein standard 
solutions were prepared with chlorine 
demand-free distilled water (4). For 
the few difficultly soluble amino acids 
and proteins, a minimum volume of 20 
per cent sodium hydroxide was added 
to facilitate solution. These standard 
solutions were added in the desired 
quantities to the buffered, chlorine 
demand-free water, and the final total 
volume was usually brought to 8,500 
ml. After thorough mixing, exactly 
750 ml was withdrawn for the am- 
monium and albuminoid analyses, and 
500 ml for the total nitrogen deter- 
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mination. Another 250 ml was re- 
moved for miscellaneous pH and con- 
ductance measurements. The remain- 
ing 7.0 liters was dosed with chlorine 
water containing between 0.5 and 1.0 
mg of chlorine per milliliter. After the 
indicated contact times of 1 and 24 
hours, two 1.5-liter portions were with- 
drawn, one portion being treated with 
minimal volumes of 0.1N sodium thio- 
sulfate and the other with an arsenous 
type of dechlorinating agent. No more 
of this agent was used than was abso- 
lutely necessary to effect chlorine re- 
moval. Ammonium and albuminoid 
nitrogen analyses were run on 750 ml 
of each dechlorinated sample and total 
nitrogen was determined on a separate 
500-ml volume. Standard reagents (5) 
were used throughout. 

A sample volume of 750 ml was se- 
lected for the combined ammonium and 
albuminoid determinations because of 
the necessity for collecting two succes- 
sive fractions totaling 450 ml of dis- 
tillate. This volume facilitated a 
smooth distillation and avoided the 
bumping encountered with smaller 
samples. 

Distillate volumes included 100 or 
200 ml for ammonium nitrogen, 250 ml 
for albuminoid nitrogen, and 200 ml for 
total nitrogen. All collections were 
made in volumetric flasks, and distil- 
lates were warmed to room temperature 
before nesslerization. A 50-ml aliquot 
was nesslerized and the transmittance 
of the colored solution was measured 
in the 5- or the 1-cm light path of a 
photometer.* A blue color filter ex- 
hibited maximum absorption near 410 
mp. Inasmuch as all nitrogen concen- 
trations were distilled from larger sam- 
ple quantities to a reduced volume, it 
was possible to determine with con- 


* A Cenco-Sanford-Sheard Photelometer, 
a product of the Central Scientific Co., Chi- 
cago, was used. 
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fidence nitrogen levels as low as 0.02 
ppm with a reproducibility of 0.02 ppm. 

The experimental conditions were set 
up so that the results would provide 
useful clues to sewage pollution in De- 
troit’s water supply. Accordingly, the 
amount of sodium bicarbonate used for 
buffering the chlorine demand-free dis- 
tilled water in the amino acid phase of 
this investigation was sufficient to pro- 
duce a pH between 7.5 and 8.0 and a 
specific conductance of approximately 
210 micromhos at 25°C. 

All samples were maintained for the 
required time interval in a constant- 
temperature incubator set at 23°C, the 
temperature which corresponded to the 
average attained by the Detroit supply 
during the summer season when the 
effect of temperature on chlorine de- 
mand is greatest. Except for the ob- 
vious modifications, all natural waters 
and sewage dilutions were handled in 
a similar manner. 

Chlorine doses which insured a free 
available chlorine residual of at least 
0.5 ppm after 24 hours, or at the end 
of any longer contact period of experi- 
mentation, were applied. Only free 
available chlorine residuals were meas- 
ured by procedures previously described 
(4). Glass-stoppered pyrex bottles 
were used for all chlorination work. 
Chromic acid cleaning and hot-air steri- 
lization afforded indispensable  safe- 
guards against interference from un- 
known contaminants. 


Dechlorinating Agents 


Four dechlorinating agents—sodium 
thiosulfate, sodium sulfite, sodium ar- 
senite, and phenylarsene oxide—were 
investigated in preliminary trials to 
ascertain which would be the most 
suitable. The total nitrogen recoveries 
on B-alanine, dl-aspartic acid, dl-leucine, 
glutathione, and neopeptone, following 
dechlorination with each of the four 
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dechlorinating agents, agreed within 
0.02 ppm. As no radical differences 
were noted among the four dechlorinat- 
ing agents, much, of the subsequent 
work was confined to sodium thiosul- 
fate, which is representative of the 
sulfur type of dechlorinating agent, and 
to sodium arsenite and phenylarsene 
oxide, which are representative of the 
arsenous dechlorinating agents. 

As a result of these experiments, 
the procedure adopted consisted of 
withdrawing two portions of 1.5 liters 
ach of chlorinated sample after the 
specified contact period of 1 and 24 
hours, and dechlorinating one portion 
with increments of 0.2 ml of 0.1N so- 
dium thiosulfate until no yellow color 
was obtained with orthotolidine reagent 
when a small dechlorinated sample was 
tested. Usually less than 1.0 ml of 
0.1N sodium thiosulfate was sufficient. 
One of the arsenous reagents was used 
for dechlorinating the second portion. 
Sodium arsenite and sodium sulfite 
were employed in 0.5 or 1 per cent 
concentration whereas 0.01N_ phenyl- 
arsene oxide was used. Dechlorina- 
tions were accomplished in the shortest 
interval possible, usually within 15 min. 


Nitrogen Demand of Organic Ma- 
terials 


Many factors enter into the study of 
a subject as complicated as chlorina- 
tion. Molecular structure ranks high 
in importance. The molecular archi- 
tecture of an amino acid exerts a con- 
siderable effect on the course of chlori- 
nation, and influences. the results 
obtained with any particular set of 
analytical methods employed in the in- 
vestigation. An amino acid like a- 
aminoisobutyric acid chlorinates in 
much the same manner as its chemical 
homologs, yet fails to respond in the 
expected way to the albuminoid nitro- 
gen determination. On the other hand, 
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TABLE 1 


Albuminoid Nitrogen Albuminoid 


Albuminoid | Recovered—ppm Nitrogen 
Compound* Nitrogen ee Reduction 
Added After 24 hr 

ppm | I-hr Chlorin- | 24-hr Chlorin- | per cent 


ationt | ationt 


Aliphatic compounds | 


+ 
= 
= 


Glycine 0.0 | 90+ 
8-Alanine | 0.33 0.02 | 002 | 90+ 
dl-a-Amino-n-butyric acid 0.51 0.07 | 0.01 90+ 
dl-a-Amino-n-valeric acid 0.38 0.02 | 0.01 90+ 
dl-Valine | 0.45 0.04 0.01 | 90+ 
di-Leucine | 0.42 0.03 0.02 | 90+ 
dl-Isoleucine 0.41 0.04 0.01 | 90+ 
dl-a-Aminocaprylic acid 0.24 0.04 0.01 90+ 
dl-Serine 0.53 0.04 0.02 90+ 
dl- Threonine 0.44 0.04 0.01 90+ 
1-(+)-Glutamic acid- HCl 0.29 0.05 0.04 | 80-90 
dl-Aspartic acid 0.27 0.05 0.06 | 70-80 
6-Amino-n-valeric acid - HCI 0.25 0.20 0.06 | 70-80 
dl-Lysine-2HCI 0.34 0.21 0.19 | 40-50 
Creatine (hydrate) 0.35 0.27 0.21 | 30-40 
«-Amino-n-caproic acid 0.41 0.39 0.28 | 30-40 
Sulfur compounds 
dl-Methionine 0.26 0.04 0.02 80-90 
Cysteine- HCl | 033 | 007 | 0.04 80-90 
Taurine | 0.38 0.36 | 0.34 —10 
Glutathione | 0.43 0.42 | 0.39 | —10 
Cyclic compounds | 
Glycine anhydride | 0.46 0.33 0.07 | 80-90 
l-(—)-Tryptophane 0.29 0.13 0.09 | 60-70 
1-(—)-Tyrosine 0.23 0.13 0.12 40-50 
l-(+)-Histidine- HCI-H.O 0.37 0.27 0.21 40-50 
Creatinine 0.33 0.31 0.29 10-20 
Polypeptides and proteins 
Tryptonet 0.31 0.21 0.18 30-40 
Neopeptonet 0.36 0.29 0.24 30-40 
Zein (corn protein)§ 0.33 0.30 0.23 30-40 
Casein 0.27 0.24 0.19 20-30 
Lactalbumin§ 0.26 | 0.24 0.20 20-30 
Gelatint 0.35 0.30 0.27 20-30 
Manganese peptonate|| | 0.27 0.25 0.22 | 10-20 


* All amino acids were products of Eastman Kodak Co., Rochester, N. Y. 
+ Dechlorinations were accomplished with sodium thiosulfate and sodium arsenite or phenylarsene oxide. 
The value obtained with each dechlorinating agent agreed within 0.01 ppm of the average which is presented in the 
table. 
+ Products of Difco Laboratories, Detroit, were used. 

Products of Gereral Biochemicals, Inc., Chagrin Falls, Ohio. 

A product of Merck & Co., Rahway, N. J., was used. 


Albuminoid Nitrogen Losses Following Chlorination 
3 
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the albuminoid nitrogen determination 
yields experimental values closer to the 
theoretical nitrogen content of piperi- 
dine than the strikingly low values 
given by the Kjeldahl method in the 
absence of selenium—mercuric oxide 
catalysts. Accordingly, conclusions 
drawn from these studies must, of 
necessity, be general in nature and can- 
not be interpreted too strictly. General 
patterns, however, are evident, and 
warrant special note. 

The chlorination of the simpler and 
unsubstituted amino acids results in a 
relatively rapid conversion of the amino 
group to a chemical form subsequently 
undetectable as albuminoid nitrogen. 
Much of this conversion of albuminoid 
nitrogen may take place within the first 
hour (Table 1). Although the loss of 
total nitrogen attending chlorination 
may sometimes be appreciable, it seldom 
exceeds 75 per cent of the original con- 
centration, even when the albuminoid 
nitrogen is largely dissipated (Table 2). 

At the opposite pole is the group of 
complex organic materials known as 
proteins. The amount of nitrogen 
transformation attendant upon their 
chlorination is slight. The albuminoid 
and total nitrogen analyses both reveal 
the reduced reactivity of this body of 
nitrogenous substances. Glutathione 
provides an example of the type of 
nitrogen demand manifested by this 
class of substances. 

In sharp contrast is the ammonium 
ion, which loses almost 90 per cent of 
its identifiable nitrogen under the same 
conditions of pH, temperature, and con- 
tact time. The ratios of free chlorine 
consumed to total nitrogen are also 
considerably greater for many organic 
compounds than for ammonium ion 
(Table 3). 

Like the free-chlorine demand, the 
total nitrogen demand of the amino 
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acids frequently proved to be an ex- 
ponential function of time. The expo- 
nential nature of the data was demon- 
strated on several representative amino 
compounds which were measured over 
contact periods up to 72 hours. 

The mathematical expression devel- 
oped previously (3, 4, 6) for calculat- 
ing the free-chlorine demand applies 
equally well to the nitrogen demand of 
many organic compounds. Both chlo- 
rine and nitrogen demands may be 
expressed mathematically by the gen- 
eral equation, D = kt", where D is the 
free available chlorine or total nitrogen 
consumed (parts per million) after ¢ 
hours, k is the constant representing 
the free available chlorine or total ni- 
trogen consumed (parts per million) 
after a contact period of 1 hour, and n 
is the velocity constant. The constants 
k and m are characteristic of the ni- 
trogenous material being chlorinated. 


Generally speaking, the simpler, un- 
substituted amino acids gave minimum 
exponential values whereas the more 
complicated compounds tended toward 


maximum values. Ammonium ion 
yielded the lowest exponents for both 
chlorine and nitrogen demands. 

A tabulation of nitrogen exponential 
values is deliberately withheld because 
they cannot be regarded as absolutes 
since they were derived from experi- 
mental results obtained at only two 
different hours. Errors, which are 
inevitable in every experiment, could 
reflect enormously in the calculation of 
the exponer.tial constants. Only in 
those examples cited in the graphs are 
definite values offered, and then merely 
to show the nature of the curves. The 
exponents are relative and, therefore, 
intended solely as guides. 

A sounder procedure is the offering 
of experimental findings (Tables 1 and 
2), thus averting unwarranted conclu 
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TABLE 2 
Total Losses © Chlorination 


| 


lotal 


Compound* Nitrogen 
Added 


ppm 


Aliphatic compounds 
Glycine 0.43 
B-Alanine 0.48 
dl-a-Amino-n-butyric acid 0.57 
dl-a-Amino-n-valeric acid 0.43 
dl-Valine 0.50 
dl-Leucine 0.44 
dl-Isoleucine 0.46 
dl-a-Aminocaprylic acid 0.28 
dl-Serine 0.30 
dl-Threonine 0.24 
Creatine (hydrate) 1.97 
dl-Aspartic acid 0.44 
Urea 0.50 
1-(+-)-Glutamic acid: HC! 0.33 
dl-Lysine- 0.37 
6-Amino-n-valeric acid - HC] 0.32 
e-Amino-n-caproic acid 0.43 


Sulfur compounds 
dl-Methionine 0.45 
Cysteine- HCl 0.28 
l-(—)-Cystine 0.41 
Taurine 0.70 
Glutathione 0.81 


Cyclic compounds 
Uric Acid 0.63 
Glycine anhydride 0.46 
l-(—)-Tryptophane 0.40 
L-(+-)-Histidine- HCl-H.O 0.63 
l-(—)-Tyrosine 0.34 
Creatinine 1.65 


Polypeptides and proteins 
Manganese peptonatet 0.77 
Tryptone§ 0.59 
Neopeptone§$ 0.84 
Gelatin§ 0.84 
Casein 0.82 
Lactalbumin|| 1.06 
Zein (corn protein) || | 1.15 


Jour. AWWA 


Total Nitrogen 
Recovered— ppm 


1-hr Chlorin- | 24-hr Chlorin- 


ationt 


0.32 
0.25 
0.32 
0.21 
0.32 
0.18 
0.25 
0.20 
0.20 
0.17 
1.69 
0.35 
0.47 
0.32 


ationt 


0.08 
0.20 
0.27 
0.18 
0.22 
0.12 


* All amino acids were products of Eastman Kodak Co., 


A product of Merck & Co., Rahway, N. J., was used. 
Products of Difco L aboratories, Detroit, were used. 


Products of General Biochemicals, Inc., Chagrin Falls, Ohio, were used. 


Rochester, N. 


t Dechlorinations were accomplished with sodium thiosulfate and sodium arsenite or phenylarsene oxide. 
value obtained with each ry ig eo agent agreed within 0.01 ppm of the average which is given in the table. 


Total 


Nitrogen 
Reduction 
After 24 hr 


per cent 


50+ 
50+ 


The 


52 
| 
| 550+ 
50+ 
| 50+ 
0.19 50+ 
0.13 50+ 
0.12 | 5SO+ 
0.07 50+ 
0.96 50+ 
0.32 | 20-30 
0.31 —10 
0.35 —10 
| 0.32 
| 0.42 | 043 | 
| | | | 
| 0.38 0.31 | 30-40 
| 0.22 0.19 | 20-30 
| 038 | 030 | 20-30 
> —10 
| 0.77 | —10 
| 
50 
045 | 0.22 | 40-50 
0.36 0.24 | 30-40 
0.60 0.48 20-30 
0.30 | 10-20 
163 | 1.33 10-20 
| | 
0.74 0.61 20-30 
055 | O51 10-20 
0.73 10-20 
10-20 
0.81 0.72 10-20 
1.05 0.93 10-20 
1.14 | 1.06 —10 
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TABLE 3 
Chlorine- Nitrogen Relationship of Various Substances 


Chlorine 


Compound* 


l-(—)-Tyrosine 

Cysteine - HCI 
l-(—)-Cystine 
dl-Tryptophane 
dl-Methionine 

Glycine 

dl-Threonine 

dl-Aspartic acid 
1-(+)-Glutamic acid: HC! 
dl-Serine 

8-Alanine 
dl-Lysine-2HC1 
dl-Leucine 
a-Aminoisobutyric acid 
e-Amino-n-caproic acid 
dl-a-Amino-n-valeric acid 
dl-Valine 
dl-a-Amino-n-butyric acid 
dl-a-Aminocaprylic acid 
Taurine 

Ammonium chloride 
Glutathione 

Uric acid 

Trypte ‘et 
1-(+)-Histidine-HCI-H,O 
Neopeptonet 

Casein 

Creatine (hydrate) 
Lactalbumint 
Manganese peptonate$ 
Creatinine 

Gelatint 

Zein (corn protein)t 


| 

Free Chlorine | 
Consumed 
After 1 hr 


Ratio of 1-hr 
Free Chlorine 
Consumed 
to Total 
Nitrogen 


0.39 
0.27 


Total 
Nitrogen 
ppm 


* All amino acids were products of Eastman Kodak Co., Rochester, N. Y. 


+ Products of Difco Laboratories, Detroit, were used. 


t Products of General Biochemicals, Inc., Chagrin Falls, Ohio, were used. 
§ A product of Merck & Co., Rahway, N.J., was used. 


sions from the data. In this way, the 
general pattern, together with the ex- 
ceptions, is made evident. Calculations 
sometimes obscure rather than clarify 
the overall picture. The author’s prin- 
cipal objective was to observe whether 
the nitrogen demand exponents matched 
the chlorine demand exponents. 
quently the exponents were found to 


vary, offering nonparallel lines when 
the demand data were plotted logarith- 
mically against contact time. 


Chlorine and Nitrogen Demands of 
Sewage Pollution 


Drawn from the lower reaches of 
Lake St. Clair, the Detroit raw supply 
is subject to the natural purification 


53 
ppm ppm i 
20.0 15.0 | 38 
9.00 7.18 | 27 
11.5 9.06 0.35 | 26 
14.5 9.70 0.41 | 24 
12.5 
| 105 | 740 | 037 | 20 | 
| 15.0 7.55 | 047 | 16 
6.50 4.50 | 0.32 | 14 
6.50 | 3.20 0.23 14 
10.5 6.63 | 0.53 13 
5.50 | 405 | 0.32 13 
6.00 4.60 0.38 12 
500 3.75 0.32 | 12 
7.00 4.38 0.41 
9.00 | 4.57 043 | 
6.25 4.13 | 0.36 | 11 
7.00 5.20 | O48 | 
4.00 2.70 0.26 | 10 
8.50 | 6.95 0.67 10 
9.06 100 | 9 
11.0 7.26 | 082 | 9 
12.5 6.17 | 067 | 
5.00 $2 
7.00 3.06 | 060 | 
6.00 | 3.63 | 0.77 | 
6.00 | 2.20 | 0.82 
12.0 
2.83 | 106 | 
6.00 253 | 077 | 
7.25 3.85 | 185 | 
8.50 1.27 | 0.72 
7.50 243 | 1.15 
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processes that take place in such a 
sizable body of water. As a result, 
the concentration of ammonium ion and 
simple amino forms is usually small. 
The complex structure of proteins, 
which have amino and other groups, 
makes these materials among the hard- 
est to decompose by chlorination. Un- 
less polluted by sewage components, 
Detroit raw water normally shows 
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uw ~ 


24 48 72 
Contact Time —hr 


Fig. 1. Chlorine and Nitrogen Demands of 
6.0 ppm Glutathione 
The total nitrogen consumed in ppm = 
0.01 (time in hours) The free avail- 
able chlorine consumed in ppm=7.08 
(time in hours)®©. The chlorine dose 
was 12.0 ppm. 


minor losses of total nitrogen and al- 
buminoid nitrogen following chlorina- 
tion. 

Among the amino acids, the nitrogen 
demand pattern of glutathione approxi- 
mates that observed in the Detroit sup- 
ply. (The implication that glutathione 
is a constituent of Detroit water is not 
intended or warranted on this evidence ; 
only patterns are under discussion.) 
The tripeptide structure of glutathione 
bears a very simplified resemblance to 
a protein. These linkages respond to 
chlorination by giving variable chlorine 
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and nitrogen demand exponential and 
first-hour constants. In other words, 
the chlorine and nitrogen demand lines 
are not parallel when consumption is 
plotted logarithmically against contact 
time (Fig. 1). The albuminoid nitro- 
gen reduction attendant upon chlorina- 
tion is also negligible. Thus, gluta- 
thione serves as the model of a 


ailable Chiorine Consumed 


Free Av 


Total Nitrogen Consumed 


Chlorine and Nitrogen Demands — ppm 


gen Consumed 


24 48 72 
Contact Time - hr 


Fig. 2. Chlorine and Nitrogen Demands of 
Sewage in Detroit Raw Water 
The albuminoid nitrogen consumed 1n 
ppm =0.21 (time in hours). The 
total nitrogen consumed in ppm= 1.62 
(time in hours)®-°8. The free available 
chlorine consumed in ppm = 2.90 (time 
in hours)°°8, The chlorine dose was 40.0 
ppm, and the initial ammonium nitrogen 
1.52 ppm, albuminoid nitrogen 0.65 ppm, 
and total nitrogen 3.49 ppm. The sewage 
concentration was 30 per cent by volume. 


Aibuminoid Nitro 


compound which resists nitrogen degra- 
dation following chlorination, a phe- 
nomenon encountered in some surface 
supplies. 

On the basis of nitrogen content, 
Detroit sanitary sewage at 7 Am, the 
sampling time for this work, could be 
classified as weak (7). Chemical anal- 


yses indicated that industrial wastes 


| 

1.0 
ad 
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were at a minimum. The ammonium 
and albuminoid nitrogen concentrations 
frequently accounted for 75 per cent or 
more of the initial chlorine demand 
(4). Many sewage dilutions exhibited 
demand patterns typical of these two 
principal chlorine-consuming classes of 
substances. The ammonium ion ex- 
erted a preponderant and speedy effect 
on the immediate chlorine demand, 
being succeeded by the more slowly 
acting organic constituents. The ratio 
of these two classes present in the sew- 
age dilution affected the rate of nitro- 
gen decline with respect to time; the 
organic ingredients were recognizable 
by a continuous nitrogen demand. 

A simple but definite relationship 
between the chlorine and nitrogen de- 
mands in the majority of the sewage 
samples tested was evident. Inspection 
of Fig. 2 discloses that parallel lines 
resulted when the chlorine and nitrogen 
demand data were plotted logarithmi- 
cally against contact time. Thus, given 
the ratio of chlorine consumed to total 
nitrogen consumed at any particular 
hour, it was possible to compute with 
a fair degree of accuracy the demand 
of either the free available chlorine or 
the total nitrogen at any subsequent 
time with the aid of one additional 
measurement. As the chlorine deter- 
mination can be conveniently per- 
formed, a quick estimate of the probable 
loss of total nitrogen at any hour can 
be made. 

The parallel lines displayed by the 
30 per cent sewage concentrations in 
Fig. 2 illustrate the effect which mount- 
ing sewage doses exerted on Detroit 
raw water. The chlorine and nitrogen 
demand curves of the 1.5 per cent sew- 
age dilutions in Detroit raw water are 
often nonparallel, like those shown in 
Fig. 1. The explanation for this varia- 
tion is the chemical composition of 
the sewage dilutions. At the lower 
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sewage concentrations, the albuminoid 
content of the raw water, which served 
as the diluent, often exceeded the am- 
monium ion concentration, thereby con- 
trolling the course of chlorination. The 
demand lines provided by many amino 
compounds are nonparallel. As _ the 
ammonium ion concentration increased 
through sewage application, the lines 
tended to become parallel. The parallel 
effect was evident when the sewage 
strength approached 5 per cent in De- 
troit raw water. It should be empha- 
sized that the typical parallel effect 
was achieved in 1.5 per cent sewage 
concentrations when buffered, chlorine 
demand-free distilled water was the 
diluting agent. 

From a practical standpoint, pre- 
cipitation in the Detroit metropolitan 
area was found to affect the character 
of the sewage composition. On such 
occasions, the rain or snow diluted the 
sewage before it arrived at the plant, 
reducing the ammonium load by a sig- 
nificant amount. The parallel effect at 
sewage concentrations up to 30 per cent 
was absent on some of these days. The 
dissimilarity in the exponential values 
is shown in Table 4. 


Chlorine and Nitrogen Demand of 
Known Sewage Components 


The divergent chlorine and nitrogen 
demand lines given by glutathione are 
more typical of the many amino acids 
tested than they are of uric acid. The 
uric acid lines are illustrated in Fig. 3 
because the compound, like urea, is a 
known, although minor, constituent of 
urine. 

The study of the amino acids proved 
valuable in explaining the deviations 
from parallelism observed in some of 
the sewage dilutions. The logarithmic 
plot of the chlorine and nitrogen de- 
mand of many amino acids against con- 
tact time yields straight lines having 


| 
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different slopes. Figure 3 shows the 
parallel nature of the ammonium ion 
and uric acid lines. As the Detroit 
sewage samples contained significant 
amounts of ammonium ion, the slope 
of the lines followed this standard par- 
allel pattern. When the ammonium 
ratios were comparatively low, usually 
on rainy or snowy days, the nonparalle] 
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as revealed by the ammonium, albu- 
minoid, and total nitrogen analyses. 
Following dechlorination, the analysis 
for ammonium ion by the distillation 
method yielded a bright off-color yel- 
low in the nesslerized distillates of most 
samples. The color resembled that pro- 
duced by the nesslerization of simple 
aliphatic amines. Tess frequently an 


TABLE 4 
Chlorine and Nitrogen Demand Data on Sewage Dilutions in Detroit Raw Water 
n ogre é 
Date Dilution | » —— (for Cl) to 
per cent | Total N 
N wH, | | Total | 

10/23/51t 5 0.10 ().24 5.03 0.15 0.12 0.18 | 0.69 | 7:1 
11/13/51 10 0.07 0.14 10.0 0.31 0.24 0.27 | 0.98 | 10:1 
11/20/51 5 0.07 0.06 6.71 0.35 0.33 0.20 0.84 8:1 
11/27/51 10 0.06 0.07 12.3 0.66 0.62 0.28 1.35 9:1 
12/4/51f 5 0.08 0.23 5.80 0.21 0.23 0.15 0.65 9:1 
12/27/51 5 0.06 0.09 6.29 0.32 0.33 0.14 0.73 9:1 
1/3/52t 10 0.07 0.23 9.84 0.38 0.39 0.22 | 1.09 9:1 
1/8/52 5 0.07 0.08 6.12 0.27 0.26 0.13 | 0.69 9:1 
1/15/52 10 0.16 0.18 7.75 0.18 0.19 0.26 | 1.03 8:1 
2/5/52t 10 0.09 0.22 9.26 0.29 0.30 0.23 | 1.07 9:1 
2/12/52 15 0.06 0.08 15.8 0.78 0.74 0.33 | 1.78 9:1 
2/19/52 20 | 0.04 0.05 23.9 1.38 1.41 0.53 | 2.83 8:1 
2/26/52 25 | 0.04 | 005 | 31.3 1.76 1.66 0.83 | 3.63 | 9:1 
3/4/52 30 0.10 | O11 | 27.4 1.04 1.08 0.78 | 2.96 | 9:1 
3/11/52t 30 0.21 0.30 | 10.7 0.24 0.25 0.31 1.30 8:1 
3/18/52 30 0.06 0.05 | 35.0 2.06 2.02 0.65 3.84 9:1 
3/25/52 30 0.11 0.12 | 28.2 1.46 1.36 0.66 3.43 8:1 
4/1/52 30 0.07 0.07 | 30.8 1.97 1.70 0.75 3.84 8:1 
4/8/52 30 0.08 0.08 | 29.2 1.62 1.52 0.65 3.49 8:1 
4/15/52 30 0.12 0.10 | 22.6 1.14 1.04 0.48 2.75 8:1 
4/21/52 | 15 0.08 0.09 | 17.8 0.89 0.82 0.46 2.13 8:1 


* Values for equation D = ki". 
+ Rain or snowfall before sewage sampling 


character of the amino acid and pro- 
tein lines became dominant. On such 
days the organic agents were impor- 
tant factors in the chlorine and nitro- 
gen demands. 


Ammonium Determination 


Free residual chlorination exerted a 
singular effect on many amino acids, 


opalescent, colloidal turbidity resulted 
upon nesslerization. These latter ef- 
fects were associated principally with 
those compounds—sarcosine, creatine 
hydrate, and serine—which formed high 
chloramine concentrations in conjunc- 
tion with the normal free chlorine and 
nitrogen trichloride residuals. In fact, 
monochloramine and dichloramine re- 
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siduals, apparently of an organic na- 
ture, totaling more than 1 ppm could 
be demonstrated in some of the offend- 
ing distillates by amperometric titration 
and by the yellow color that developed 
when the standard orthotolidine reagent 
was used. The off colors were dupli- 
cated in dechlorinated sewage dilutions 
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Fig. 3. Chlorine and Nitrogen Demands of 
Two Sanitary Sewage Components 
Chlorine demand B and nitrogen demand 
D of 2.0 ppm uric acid. Chlorine demand 
A and nitrogen demand C of 1.0 ppm 
ammonium nitrogen added as ammonium 
chloride. The chlorine dose for uric acid 
was 9.5 ppm and for ammonium nitrogen 
11.0 ppm. 


having concentrations greater than 5 
per cent by volume. 


Chlorine and Nitrogen Demands of 
Natural Waters 


Fortunately, the pollution of Detroit 
surface supplies has never approached 
a magnitude at which nitrogen losses 
equal free-chlorine losses. Consider- 
able sanitary pollution would be neces- 
sary to overcome the dominant pro- 
teinaceous nature of Detroit water to 
produce a parallel effect. On the few 
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occasions in recent years when abnor- 
mal pollution has entered the supply, 
the chlorine and nitrogen demand curves 
approximated those obtained with sew- 
age concentrations approaching 1 per 
cent by volume, the contaminants con- 
sisting primarily of ammonium and 
albuminoid nitrogen. 
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Fig. 4. Chlorine and Nitrogen Demands of 
Mt. Clemens Raw Water 
The albuminoid nitrogen consumed in 
ppm =008 (time in hours)®*. The 
total nitrogen consumed in ppm =0.22 
(time in hours)®°®. The free available 
chlorine consumed in ppm = 5.65 (time in 
hours)®", The chlorine dose was 9.0 
ppm, and the initial ammonium nitrogen 
0.14 ppm, albuminoid nitrogen 0.28 ppm, 
and total nitrogen 0.74 ppm. 


The Mt. Clemens supply, which is 
drawn from upper Lake St. Clair, on 
the other hand, is exposed to more fre- 
quent and more serious nitrogen pollu- 
tion. Figure 4 illustrates the parallel 
free chlorine and total nitrogen de- 
mands exerted by a sample of this sur- 
face supply collected on June 6, 1952, 
which contained relatively high levels 
of ammonium ion, albuminoid nitrogen, 
and total nitrogen. The Mt. Clemens 


57 
q 
10.0 
sol 
TT} 
0.08 


58 MICHAEL 
lines bore a striking similarity to the 
lines offered by sewage dilutions. 


Ground Water 


The major portion of the iron con- 
tent of the well waters was removed by 
filtering through filter paper after pre- 
cipitation had occurred on standing. 
Thus, a relatively small amount of 
dissolved iron remained in_ solution 
before chlorination. 

As shown in Table 5, all of the well 
waters contained both ammonium ion 
and albuminoid nitrogen. The traces 
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conclusions are supported by the chlo- 
rine demand exponential constants of 
these well supplies which approach’ the 
minimum values—0.01—characteristic 
of the ammonium ion. This finding 
emphasizes the advisability of perform- 
ing the ammonium and albuminoid 
analyses in sequence to obtain a proper 
perspective of the ammonium nitrogen 
factor. 

An examination of the nitrogen anal- 
yses of the well supplies (Table 5) and 
the sewage dilutions (Table 4) shows 
the ample ammonium content of each. 


TABLE 5 
Chlorine and Nitrogen Demand Data on Well Supplies 
1-hr Demand* Nitrogen Analyses 
Exponent* oom anc itr yse ak 
Sample (for Cl) to 
| Total N 
Cl N cl N NH; | Albumi-| Total 
Oakland County, Mich. | 
Avon Road | 0.01 | 0.03 3.20 0.26 0.26 0.03 0.35 9:1 
Rochester Road | 0.02 | 0.03 | 5.14 0.35 0.32 0.05 0.46 te: 1 
Princeton Road 0.06 | 0.05 1.17 0.06 0.04 0.04 0.18 39 
Ypsilanti Twp., Mich. 0.07 | 0.07 5.86 0.34 0.22 0.21 0.62 9:1 
Pontiac, Mich. 0.06 | 0.06 | 2.88 0.21 0.15 0.11 0.32 |; 9:1 
Delhi Park, Mich. | 0.05 | 0.06 | 3.55 0.27 0.19 0.11 0.40 | 9:1 
Ypsilanti, Mich. 0.09 | 0.09 | 3.04 0.21 0.13 0.12 O26 4... 08 
Birmingham, Mich. 0.05 | 0.06 | 2.73 | 0.20 | 0.12 | 0.08 | 0.28 | 10:1 
Ann Arbor, Mich. 0.05 | 0.04 2.00 0.08 0.06 | 0.05 O17 | 12:1 


* Value for equation D = kt». 


of albuminoid nitrogen present in the 
Avon Road and Rochester Road well 
supplies, and the concurrent high am- 
monium content, however, confirmed a 
fact established in synthetic solutions 
—namely, the incomplete recovery of 
the ammonium fraction in the first dis- 
tillate. If the recovery of the ammo- 
nium fraction before chlorination is 
corrected by multiplying by 1.1, a 
factor experimentally derived using 
synthetic solutions, much of the albu- 
minoid nitrogen distillate can safely be 
regarded as ammonium ion. These 


It is not surprising, therefore, that the 
same parallel effect noted in the chlo- 
rine and nitrogen demands of the sew- 
age dilutions (Fig. 2) should be repro- 


’ duced in the well supplies (Fig. 5). 


Comparison of Surface and Ground 
Supplies 


Proteins are characterized by a rela- 
tively high nitrogen composition; the 
peptide linkages limit the number of 
amino groups available for reaction 
with chlorine. Accordingly, the ratio 
of free available chlorine consumed at 
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the end of the first hour to the total 
nitrogen initially present is compara- 
tively small. In contrast, the same ratio 
of free available chlorine consumed to 
the total nitrogen is measurably greater 
for ammonium ion and most amino 
acids (Table 3). In terms of extremes, 
the ratio for proteins approaches a min- 
imum whereas the ratio for ammonium 
ion and the amino acids generally ap- 
proaches a maximum. 

The pattern shown by the various 
nitrogen compounds listed in Table 3 
is interesting. The highest ratios are 
provided by compounds possessing 
chlorine-consuming groups in addition 
to nitrogen. Some organically bound 
sulfur and aromatic linkages increase 
the chlorine requirements, which is 
reflected in the falsely high chlorine 
demand-nitrogen ratios. The chlo- 
rine-consuming sulfhydryl group in 
glutathione is an example. In_ the 
absence of this group, the chlorine 
demand-nitrogen ratio for glutathione 
would approach the minimum charac- 
teristic of proteinaceous materials. 

As a class, protein types exhibit the 
lowest ratios. Three exceptions to this 
rule must be noted—creatinine, creatine 
hydrate, and histidine—each of which 
also falls within the lower end of the 
scale. It is unlikely, however, that 
these compounds abound in natural 
supplies and sewage in concentrations 
which influence adversely the normal 
nitrogen balance and thus lead to false 
conclusions on whether proteins or 
these three exceptional compounds are 
present. 

The chlorine demand-—nitrogen ra- 
tios of Detroit raw water averaged 
4 to 1 over a period of several years, 
rising above this figure in the presence 
of sanitary pollution when ammonium 
ions and other simple amino forms en- 
tered the supply. This comparatively 
low ratio lent additional support to the 
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idea that the chlorine-consuming agents 
of Detroit raw water might be of a 
proteinaceous nature. 

The well supplies and the sewage 
dilutions, on the other hand, exhibited 
higher ratios. The ratio of the aver- 
ages of the chlorine and nitrogen values 
given in Tables 4 and 5 is approxi- 
mately 9 to 1, respectively, for both the 
well supplies and the various sewage 
concentrations. 
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Fig. 5. Chlorine and Nitrogen Demands of 
Ypsilanti Township Well Water 
The albuminoid nitrogen consumed in 
ppm=0.11 (time in hours). The 
total nitrogen consumed in ppm = 0.34 
(time in hours)®°*. The free available 
chlorine consumed in ppm = 5.86 (time 
in hours)®°?. The chlorine dose was 8.5 
ppm, and the initial ammonium nitrogen 
0.22 ppm, albuminoid nitrogen 0.21 ppm, 
and total nitrogen 0.62 ppm. 


Chlorine and Nitrogen Demands — ppm 
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An interesting comparison between 
the Detroit surface supply and the 
ground waters of the greater Detroit 
metropolitan area is afforded. The 
average Detroit water shows slight al- 
buminoid and total nitrogen declines 
following chlorination. The well sup- 
plies, on the other hand, generally show 
measurable albuminoid and total nitro 
gen losses. Although the ammonium 
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ion portion of the total nitrogen ac- 
counts for much of the decrease, a 
notable reduction is also contributed by 
the organic matter present in these 
supplies. This finding suggests that 


the organic nitrogen of these particular 
ground waters is bound up in relatively 
simpler molecular forms than are those 
found in the Detroit surface supply. 
As all of the wells were deep and 
drilled, these chemical differences are 
not surprising. 


Limitations 


These studies were undertaken with 
the realization that a limited number 
of analytical methods would be inade- 
quate to resolve with finality such an 
obviously complex reaction as that oc- 
curring between nitrogen and chlorine 
during the free residual chlorination 
process. Before this reaction is clearly 
understood, a considerable fund of facts 
will have to be accumulated and fitted 
into a unified whole. The present ex- 
periments support the view that addi- 
tional specific and sensitive microanaly- 
ses will have to be developed and 
applied to the task. The problem is 
prodigious because of the multiplicity 
and complexity of the organic materials 
in nature. No easy and all-embracing 
explanation of the influence of the 
nitrogen factor in the chlorine demand 
of natural supplies is possible at this 
time. 

Indeed, any investigation of chlorine 
demand will remain incomplete until 
suitable analytical procedures are de- 
vised for certain organically bound 
sulfur groups which are capable of sub- 
stantial chlorine absorption (4). A\l- 
though the nitrogen factor constituted 
the predominant influence in all of the 
natural supplies and sewage dilutions 
studied, the sulfur factor should not be 
overlooked in any overall appraisal of 
chlorine demand. 
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Summary 


From a practical standpoint, these 
studies point out the important chlorine- 
consuming capacity of nitrogen groups 
found in ground and surface supplies. 
The presence of these nitrogen groups 
markedly affects the free-chlorine de- 
mand at the plant and subsequently in 
the distribution system. Under opti- 
mum conditions, the time interval dur- 
ing which a residual can be maintained 
in the mains will depend to a great 
extent upon the nitrogen composition 
of the water. 

The response to chlorination differs 
among nitrogen groups. The nitrogen 
factor can conveniently be cataloged 
into three main categories—ammonium 
ion, amino acids, and proteins—each of 
which may be present in natural sup- 
plies in varying proportions. The so- 
called stability of chlorine residuals is 
a relative matter. The closest approach 
to a “stable” residual results upon the 
chlorination of the comparatively sim- 
ple ammonium ion, unaccompanied by 
additional nitrogen pollution. The least 
stable residuals are produced in the 
presence of proteinaceous materials, 
which slowly but definitely reduce the 
chlorine residual with time. The pres- 
ence of simpler organic nitrogen may 
also impose a continuing drain on any 
available chlorine residual. 

Of course, other factors in the indi- 
vidual distribution system may accel- 
erate the loss of chlorine residual. FEx- 
cluding these other factors, however, a 
definite chlorine decline must be antici- 
pated, even when free residual chlori- 
nation is practiced. 

The chlorine and nitrogen losses at- 
tendant upon chlorination follow a pat- 
tern which may be expressed by a 
general mathematical equation, the con- 
stants of which provide clues to the 
nature of the nitrogen pollution respon- 
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sible for the chlorine and nitrogen 
demands. Similarities in the chlorine 
and nitrogen demands of some ground 
waters and some polluted surface sup- 
plies are noticeable. 

Following chlorination, some simple 
amino compounds yield a nitrogen frac- 
tion when distilled from a medium 
buffered at a pH of 7.4. This fraction, 
which has been isolated from chlorinated 
sewage dilutions as well as from simple 
amino acids, often gives a bright off- 
color yellow with Nessler’s reagent. 

The albuminoid nitrogen content of 
many simple amino compounds is rap- 
idly reduced as a result of chlorination. 
The loss of albuminoid nitrogen from 
proteinaceous matter is slight. The 
albuminoid nitrogen consumption in 
chlorinated sewage dilutions and in 
some polluted surface and well supplies 
is often an exponential function of con- 
tact time. 

The total nitrogen consumed upon 
chlorination follows a well-defined gen- 
eral pattern. Ammonium ion is lost 
within the first hour. The simple and 
unsubstituted amino nitrogen of many 
common amino acids is consumed more 
slowly and over an extended period of 
time. Protein nitrogen shows negligi- 
ble loss even after prolonged chlorina- 
tion periods. The total nitrogen con- 
sumption of many amino acids, sewage 
dilutions, and natural waters is an 
exponential function of contact time. 
Parallel logarithmic plots of chlorine 
and nitrogen demand against contact 
time, obtained using sewage dilutions, 
are characteristic of the presence of a 
proportionately high ammonium con- 
centration. Nonparallel lines occur 
when organic nitrogen is dominant. 
The high ammonium concentrations, 
together with the simple organic nitro- 
gen forms, in the ground waters of the 
Greater Detroit metropolitan area re- 
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sult in parallel chlorine and nitrogen 
demands. Normally, a nonparallel ef- 
fect is exhibited by Detroit raw water, 
a surface supply characterized by a 
proteinaceous nitrogen content. 
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Educational Program of Michigan Section 


By Douglas Feben 


A paper presented on Sept. 24, 1952, at the Michigan Section Meeting, 
Battle Creek, Mich., by Douglas Feben, Asst. Supt. of Filtration, 


Dept. of Water Supply, Detroit. 


HE provision of educational facili- 
ties for water works personnel in 
Michigan dates back to 1934. In the 
ten-year period before that date, a dozen 
filtration plants had been placed in op- 
eration in the counties of St. Clair, Ma- 
comb, Oakland, Wayne, and Monroe, 
or roughly, the area bordering that part 
of the Great Lakes system comprising 
the St. Clair River, Lake St. Clair, the 
Detroit River, and part of Lake Erie. 
In addition to these filtration plants, six 
others were either projected or under 
actual construction. The majority of 
the operators in these new plants had 
had little, if any, academic training in 
bacteriology. A self-appointed com- 
mittee arranged for a lecture course on 
this subject to be given in Detroit with 
W. L. Mallmann of Michigan State 
College as the instructor. The course 
met with unqualified success. 
Following the bacteriology lectures, 
Michigan State College offered water 
works short schools which gave stu- 
dents an opportunity actually to per- 
form laboratory work in addition to re- 
ceiving lectures. In 1941, James Gal- 
loway, then at Marysville, Mich., gave 
a course of instruction in water bac- 
teriology, mathematics, and chlorina- 
tion to twelve men in the St. Clair area, 
and for a few years Wayne University 
offered a lecture and laboratory course 
in water and sewage chemistry with 
W. M. Wallace of Detroit as the in- 
structor. 
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In 1941, Michigan enacted a law 
calling for the certification of water 
treatment plant operators. As a re- 
sult of having been approved under 
former regulations, 159 men were im- 
mediately certified. In 1942, the first 
examination resulted in eight out of 
thirteen candidates being passed. It 
was obvious that the men who passed 
were qualified and needed little, if any, 
preparation for such an examination. 
At the next examination, in 1944, only 
eight out of 26 candidates were suc- 
cessful. This record emphasized the 
need for an organized educational pro- 
gram, inasmuch as, in addition to the 
small percentage of successful candi- 
dates, a number of applicants were not 
permitted to sit for the examination 
because they lacked the minimum edu- 
cational credits required by the regu- 
lations. Consequently a committee was 
appointed at the 1944 meeting of the 
Michigan Conference on Water Puri- 
fication and was charged with the re- 
sponsibility of developing such edu- 
cational facilities as might be needed. 
To simplify the operations of this com- 
mittee and to facilitate meeting as of- 
ten as necessary, members within rea- 
sonable traveling distance of each other 
have usually been selected. 

In effect, the committee has never 
been discharged. In February 1946, 
the committee became a joint com- 
mittee representing both the Michigan 
Conference on Water Purification and 
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the Michigan Section, AWWA. — In 
September 1946, the Michigan Con- 
ference on Water Purification was dis- 
solved, and since that time the commit- 
tee’s activities have been sponsored en- 
tirely by the Michigan Section. The 
committee occasionally receives a trans- 
fusion of new blood through replace- 
ment of one or more members. Such 
replacements are staggered, however, 
to insure that some men with at least 
one year of experience on this commit- 
tee are included on its roster. 


Extension Courses 


At the first meeting of the commit- 
tee it was decided to query officials of 
Wayne University, the University of 
Michigan, Michigan State College, and 
the Michigan College of Mining and 
Technology to ascertain if these insti- 
tutions would be interested in serving 
the water works profession. Surpris- 


ingly enough, all of them welcomed the 


opportunity but hastened to add that 
they had no experience in offering 
such courses to a separate industry or 
profession. It was the consensus that 
extension courses were the best means 
for instruction in technical subjects. 

The extension courses as developed 
included : 

1. Water supply engineering—quan- 
tity and quality requirements. The 
principles of design of works for the 
collection, purification, and distribu- 
tion of water for municipal use. 

2. Fresh-water biology. An intro- 
duction to fresh-water biology de- 
signed for persons without previous 
knowledge of the techniques of sam- 
pling and microscopic examination ; in- 
cludes a study of the algae and higher 
forms of life in water; also aquatic 
ecology of lakes and streams with stress 
on physical, chemical, and_ biological 
factors. 
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3. Hydraulics. Course to cover 
fundamentals; flow and measurement 
of water, particularly in pipes; hy- 
draulics related to pumping installations 
and distribution systems; plumbing 
hydraulics. 

4. Water chemistry. Includes con- 
cepts of valence, chemical equilibrium, 
solubility product and ionization con- 
stants, chemical calculations, pH, physi- 
cochemical methods in water analysis, 
use of indicators, organic chemistry in 
water purification, and general em- 
phasis on the chemistry of the labora- 
tory procedures used in water analysis. 

5. General and water bacteriology. 
Course to cover basic bacteriology with 
emphasis on water bacteriology. 

It was agreed that prerequisites 
would not be required of students, nor 
would college credits be earned. The 
board of examiners for certification of 
water treatment plant operators, how- 
ever, agreed to assign limited credits 
for completed courses to help candi- 
dates become qualified in the educa- 
tional category of their applications. 

In presenting these courses, the com- 
mittee is required to decide on a num- 
ber of fundamental questions—for ex- 
ample, in what cities should courses be 
held? What is the most desirable 
course for any given city? On what 
night and at what hour should classes 
meet? it was found that the best 
way to handle these local problems was 
to appoint a local key man. Form let- 
ters over his signature are then pre- 
pared and he is supplied with a mail- 
ing list. He then ascertains, by mail, 
the expected registration for any course 
and the most desirable time for classes. 
He also makes the local arrangements 
for classrooms and attends to other 
local details. The help of these key 
men has been invaluable in the suc- 
cessful presentation of the courses. 
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The tuition fees were originally set at 
$5.00 per course, but inflation has raised 
them to $10.00. These low fees are 
made possible through the cooperation 
of the Michigan State Board of Con- 
trol for Vocational Education. 

In recent years the course on water 
chemistry has been extended to two 
years, with the first twelve-week pe- 
riod devoted to fundamentals and ele- 
mentary work, and advanced work be- 
ing offered the second year. There is 
also a possibility of adding a third 
year for actual laboratory work. On 
two occasions courses on stream sani- 
tation and industrial wastes have also 
been offered. The following statistics 
cover the eight years during which this 
committee has been functioning : 


Total number of cities in which 
courses have been given 

Total number of courses 

Average registration per course 

Total number of registrations 
(approximate ) 

Total number of student-hours of 
instruction (approximate ) 


900 
24,700 


In-Service Training Courses 

During the committee's initial activi- 
ties, it became evident that it would be 
possible to hold, on a postgraduate level, 
an in-service training course for water 
works personnel. It developed that the 
School of Public Health of the Univer- 
sity of Michigan was prepared to spon- 
sor in-service courses on subjects re- 
lated to public health. The school was 
interested in developing discussions of 
recent advances and current problems 
by acknowledged authorities on the 
subject, and in disseminating the in- 
formation to the water works profes- 
sion. 

In developing such a course, the 
committee follows a definite procedure. 
First, the geteral subject matter of a 
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course is decided upon and broken 
down into a series of papers or lec- 
tures. The material is then divided 
among the committee members, who 
prepare proposed lecture outlines. 
These outlines are then exchanged and 
circulated among the committee mem- 
bers so that, at the next meeting, they 
are able to discuss any necessary 
changes. When the committee is satis- 
fied with the initial preparations, it 
meets with officials of the School of 
Public Health to request their sponsor- 
ship of such a course, which, if ap- 
proved, is discussed at some length in 
order to make further modifications or 
changes and to develop a list of quali- 
fied lecturers. At this point, the school 
takes over, handling all the necessary 
correspondence, invitations to lecturers, 
and publicity. The lecturers are re- 
quired to submit their lectures to the 
school in advance. School officials 
then meet with the committee to go 
over the material and to make such 
suggestions as may be in order. As of 
September 1952 four such in-service 
courses had been held. A summary 
follows: 


1945—Three-Day Course 


1. Review of fundamental factors in 
chemical equilibrium reactions and oxi- 
dation-reduction potentialk—H. H. Wil- 
lard 

2. Chemistry of the measurement of 
chlorine residuals—H. A. Faber 

3. Chemical explanation of free re- 
sidual chlorination—N. S. Chamberlin 

4. Generation and reactions of chlorine 
dioxide—G. P. Vincent, J. D. MacMahon, 
and J. F. Synan 

5. Application of chlorine dioxide to 
public water supplies—R. D. Bates 

6. Chemistry of iron in water—A. M. 
Buswell 

7. Transformations of iron by bacteria 
in water—R. L. Starkey 
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8. Applications of chemistry and micro- 
biology of iron in water to iron removal 
processes—A. H. Wieters 

9. Waterborne fluorides 
health—H. Trendley Dean 

10. Nondental physiological effects of 
fluoride domestic waters—F. J. McClure 

11. Epidemiological aspects of oral 
lactobacillus counts in fluoride and non- 
fluoride areas—P. Jay 

12. Experience in the application of 
fluoride to a public water supply—W. L. 
Harris 


and_ dental 


1947—Two-Day Course 


1. Chemistry of organic compounds 
responsible for tastes and odors—G. A. 
Rohlich and W. B. Sarles 

2. Chemical composition of algae and 
its relationship to taste and odor—G. A. 
Rohlich and W. B. Sarles 

3. Tastes and odors in water resulting 
irom industrial wastes—C. C. Ruchhoft 

4. Bactericidal properties of chlor- 
amines and free chlorine in water—C, T. 
Butterfield 

5. Epidemiological aspects of 
myelitis—A. G. Gilliam 

6. Effect of water purification on polio- 
myelitis virus—G. M. Ridenour 

7. Results of free residual chlorination 
of public water supplies in Michigan—R. 
J. Faust 


polio- 


1951—Two-Day Course 


1. Toxicology as applied to public 
water supplies—C. W. Muehlberger 

2. Qualitative and quantitative deter- 
mination of toxic materials in water sup- 
plies—C. C. Ruchhoft, W..A. Moore, and 
F. M. Middleton 

3. Sodium and its relation to hyperten- 
sion—J. M. Bryant 

4. Water and its relationship to the 
sodium intake of man—O. E. McGuire 

5. Nitrates in water and their relation- 
ship to methemoglobinemia—F. H. War- 
ing 

6. Determination of nitrates in water— 
M. J. Taras 
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7. Plating wastes as toxic contaminants 
in ground and surface waters—L. F. 
Oeming 

8. Summary of developments in fluori- 
dation—H. A. Faber 

9. Toxic plankton—T. A. Olson 

10. The radioactivity problem in water 
supplies—O, R. Placak 
1952—Two-Day Course 

1. Principles of 
H. Humes 

2. Electrical circuits and photocells for 
instruments—H. S. Bull 

. Demonstration of colorimeters 

. Nephelometry—C. H. Humes 

5. Fluorimetry—W. G. Sink 

. Demonstrations of nephelometers 
and fluorimeters 

7. Polarography—C. L. Rulfs 

8. Electrometric titrations—W._ G. 
Sink 

9, Demonstrations of electrometric ti- 
trations and polarography 

10. Theory of pH—A. L.. Ferguson 


spectrochemistry—C, 


11. Electrometric determination of pH 
—W. N. Greer 

12. Demonstrations — of 
and colorimetric pH instruments 

A summary of the statistics on these 
courses follows : 


electrometric 


Total number of courses to date 4 
Average registration per course 95 
Total number of registrations 380 
Total number of student-hours of 

instruction 5,082 


Institutes 


The extension and in-service train- 
ing courses provide educational fa- 
cilities for those men in the most heavily 
populated areas of the state. The ex- 
tension courses, because of their 10- 
to 12-week duration, are beyond the 
reach of the men in the sparsely popu- 
lated areas in the Upper Peninsula and 
the northern part of the Lower Penin- 
sula; moreover, the in-service training 
courses are on too high a level for most 
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of the men in these areas. Thus, the 
problem of reaching these men and 
giving them the courses they needed 
presented itself. The solution finally 
adopted was suggested by Everett J. 
Soop, Director, University of Michigan 
Extension Service. The solution was 
one- or two-day institutes to be held at 
strategic points. This method retains 
the advantages of an extension course 
in that an instructor presents the sub- 
ject matter, but the amount of travel 
by both student and instructor is ma- 
terially reduced. 

The subject matter covered in these 
institutes has been confined to main dis- 
infection, water sampling and bacteri- 
ology, construction and operation of 
wells, chlorination, legal aspects, rec- 
ords, fluoridation, certification, and 
color removal. The committee feels 
that an extension of the institute system 
is its current problem. Present plans 
call for a division of the state into five 
or more regions in each of which could 
be held a one-day institute of instruc- 
tion. To date, seven such institutes 
have been held in two cities, the statis- 
tics for which follow: 


Average registration 61 

Total number of registrations 428 

Total number of student-hours of 
instruction 4,650 


Refresher Courses 


For the past three years, one-day re- 
fresher courses have been given for 
men in those treatment plants which do 
not require clarification by chemical 
precipitation. These courses are held 
before the certification examinations 
are given and, on recommendation by 
the committee, are conducted by staff 
members of the state health department. 
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To date, three such courses have had 
a total registration of 58, representing 
a total of 444 student-hours of instruc- 
tion. 


Summary 


A combined summary of these ac- 
tivities reveals that in the eight years 
during which this committee has been 
functioning, there has been a total regis- 
tration of 1,766, representing a total 
of more than 34,800 student-hours of 
instruction. It is difficult to evaluate 
quantitatively the benefits derived from 
this program. The in-service train- 
ing courses have enabled operators to 
keep abreast of recent developments. 
All the courses have made it possible 
for many operators to meet the edu- 
cational qualifications required by cer- 
tification regulations. Finally, when 
an operator is permitted to sit for a 
written examination, he has a_ better 
chance of making a passing grade. 
Since 1942 written examinations have 
been given to 442 candidates for certi- 
fication. As a result of these examina- 
tions, 238 certificates have been issued, 
representing 54 per cent successful can- 
didates. This percentage is a distinct 
improvement over the 30 per cent suc- 
cessful candidates in 1944 and 1945. 
The education committee feels that its 
activities have contributed in some 
measure to this improvement. 
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Short Courses and Correspondence Courses 
for Water Plant Operators 


By H. K. Gidley 


A paper presented on Sept. 17, 1952, at the Kentucky-Tennessee Sec- 
tion Meeting, Knoxville, Tenn., by H. K. Gidley, Director, Div. of 
San. Iing., West Virginia Dept. of Health, Charleston, W.Va. 


UBLIC health authorities encour- 
age the development of water sup- 
plies from sources which are reasonably 
safe before treatment inasmuch as no 
treatment process can be considered 
foolproof. Unfortunately the abuse of 
surface streams is so general that in 
many sections of this country water 
with a high degree of natural purity is 
no longer available. Consequently, pol- 
luted sources must frequently be used. 
When the potability of a water sup- 
ply depends upon treatment, its con- 
tinuing safety rests in the hands of an 
individual-—the plant operator. A\l- 
though treatment plants and processes 
are designed to be as foolproof as they 
can reasonably be made, the guiding 
hand of the operator is needed. A 
momentary lapse or miscue due to the 
ignorance of the operator could be dis- 
astrous to the community. 

Generally, the larger water treatment 
plants are better designed, better 
equipped, and better operated than the 
smaller plants. The small plant is likely 
to have the same treatment problem and 
be more difficult to operate than the 
large plant, yet frequently the small 
water utility cannot or will not pay the 
salary a competent and experienced op- 
erator justly demands. The operating 
personnel problem in small plants is 
often met, unfortunately, by the em- 
ployment of a man who has had little or 
no experience in water treatment. 


One of the major activities of a 
state health department engineering 
division is public water supply con- 
trol. Such control generally covers 
approval of source, review and ap- 
proval of plans, inspection of plant op- 
eration, review of operation reports, 
and some degree of bacteriological con- 
trol. Some states have legal authority 
to examine and license water plant 
personnel, 

Health departments are confronted 
with the continuing problem of incom- 
petent operators because so many of 
the men employed in these important 
jobs are poorly educated and lack in- 
herent capabilities. In the author’s 
opinion, more lasting results could be 
achieved through maintaining a high 
educational standard as a condition of 
employment than by the use of training 
techniques to improve those who ar- 
rive on the job with so many undesir- 
able limitations. Perhaps the water 
utilities are doing too much to train 
the operator after he arrives on the job, 
and are neglecting the approaches 
which would attract better qualified 
men. 


Short Schools 


The period 1910-30 was one of wide- 
spread construction of water treatment 
plants throughout the United States. 
With the increase in the number of 
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plants came the need for more and 
better trained operators. State health 
department engineering divisions were 
established in practically all of the 
states between 1910 and 1920, and early 
recognition was given to water plant 
operation problems. 

Early in the 1920's several states 
began holding conferences and short 
schools for operators. The term “short 
school” is somewhat elastic, but, gen- 
erally, it means an intensive course of 
instruction and demonstration lasting 
a few days. These schools are usually 
held at colleges and are sponsored 
jointly by the state health department 
and the college, with water works or- 
ganizations sometimes participating. 

In 1947, sixteen states reported that 
during the year, a total of 24 courses, 
with 2,400 operators in attendance had 
been held (1). The time spent in such 
training varied from | day (8 hours) to 
25 days (200 hours). Most courses or 
short schools last 5 or 6 days. Michi- 
gan, Texas, Florida, Pennsylvania, 
Oklahoma, and North Carolina have 
effectively used the short school method 
of instructing operators. 

Everts (2) pointed out the need for 
training programs and commented 
favorably on the short school, although 
he observed that such schools do not 
attract the operators from the small 
plant. He suggested frequent, local, 
one-day conferences instead of the cen- 
tral, annual, one-week short school. 
The local-conference idea has been used 
effectively by Oklahoma (3, 4), Texas 
(5), Indiana (6, 7), Oregon (2), and 
other states. 

The value of the short school, if 
properly organized and conducted, has 
been established beyond question, but 
it should not be considered the final 
answer to the problem. The short 
school has several weaknesses. Oper- 
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ators of small plants quite often can- 
not attend because they cannot leave 
the job. Unenlightened city officials 
frequently will not pay the operators’ 
expenses to short courses and confer- 
ences. Some operators are reluctant to 
attend and expose their inadequacy 
when compared to other operators. 
Short schools generally attempt to 
cover too much ground in the allotted 
time, and some of the operators do not 
receive much benefit from the course 
because of this speedup. There is a 
tendency to gather together a group of 
men having widely divergent back- 
grounds in education, experience, and 
ability, thus making it difficult to have 
a balanced course of instruction. These 
variations in background lead to a 
“shotgun” style of instruction and a 
vague hope that every man will absorb 
a few pellets of information. 


Extension Courses 


During the past few years, Michigan, 
Texas, and Oklahoma (1) have de- 
veloped extension courses for the train- 
ing of water plant operators. In Michi- 
gan, the courses are given at several 


convenient locations. The courses are 
presented by a college and the instruc- 
tor meets with the operators at night. 
Night classes do not interfere with 
daytime work and also permit opera- 
tors from nearby communities to travel 
to the central meeting place after work. 

Although the extension course 
method of training is probably the 
best that could be devised, it is doubtful 
if many states will be able to make use 
of it. An extension course of this kind 
should be conducted by a college or 
university, and generally these insti- 
tutions are not interested in presenting 
specialized courses with a very limited 
appeal. 
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Examination and Licensing 


The examination and licensing of 
water plant operators is mentioned be- 
cause, in those states where licensing 
or certification is practiced, the act of 
licensing stimulates and energizes the 
operator into improving his knowledge 
of water treatment. In those states 
where compulsory licensing is in effect, 
operator training is of particular in- 
terest. The licensing laws and prac- 
tices in the United States have been 
completely surveyed recently (8) and 
it has been determined that eight states 
require certification and twelve have 
voluntary plans in effect. 


Correspondence Courses 


The training of operators through 
correspondence courses has apparently 
not been employed to any extent by 
state health departments. The author 
has had some experience with cor- 
respondence training of water plant 
operators in West Virginia, and a dis- 
cussion of the techniques and materials 
used may be of interest, inasmuch as 
this experience has not been previously 
reported in the water works literature. 

During the four-year period, 1938- 
42, the West Virginia Dept. of Health 
used a correspondence scheme to stimu- 
late thought and study among opera- 
tors in the state. Each month the de- 
partment mailed out a list of five ques- 
tions (a different set of questions to 
each of the three classes of operators 
licensed in West Virginia), the opera- 
tor being expected to answer and re- 
turn the questions during the month. 
In addition, the operator was requested 
to read and abstract a selected article 
from a current issue of a water works 
magazine or journal. This question 
series was very well received and 
aroused considerable interest. Most 
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of the operators faithfully returned the 
answers for correction and grading. 
The department was forced to discon- 
tinue the question series during the 
war years because of the reduced staff 
of the engineering division. 

In November 1950 the West Vir- 
ginia Dept. of Health introduced a vol- 
untary correspondence course to aid 
the less experienced operators of small 
filtration plants. There are many small 
plants — 0.025-0.25 mgd output — in 
West Virginia, and the course con- 
tent was arranged to benefit this par- 
ticular group of operators. It was felt 
that the correspondence technique 
would reach many operators who would 
not make use of other training aids. 
There is also some advantage to the 
operator in working with his own tools 
in his own plant, and in working with 
the water he is required to treat day 
after day. 

The course is conducted by the 
state health department without cost 
to the student. To enroll for the course, 
all an operator must do is write a letter 
to the department. In reply, he will 
receive a form letter telling him how 
the course is conducted, and that he 
must have access to Cox’s Laboratory 
Control of Water Purification (9). He 
must also have access to a plant in 
which the experiments and studies may 
be completed. 

After enrollment, the department 
mails Lesson No, 1 to the individual, 
who completes and returns it to the 
department for grading. Lesson No. 1 
is graded and returned with Lesson 
No. 2. This procedure is followed un- 
til all the lessons have been completed, 
whereupon the student receives a cer- 
tificate of completion. 

At present 50 operators are enrolled 
in the course and two have successfully 
completed it. Thus far no effort has 
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been made to enroll operators or to 
hurry them along in their studies. The 
department is now preparing to stimu- 
late a considerable number who rapidly 
completed the first few lessons but 
slowed down after the novelty wore 
off. 

The correspondence course consists 
of eleven lessons, each designed to give 
the operator practical working experi- 
ence with a problem or problems com- 
mon to most plants. Every lesson in- 
cludes a reading assignment in Labora- 
tory Control of Water Purification (9), 
a list of the apparatus and materials 
required, a discussion, and directions 
for completing the lesson. Lesson No. 
8, which is given in the Appendix 
(page 71), illustrates the makeup of 
a typical lesson. The subject matter 
covered in the course is indicated by 
the titles of the eleven lessons: Know 
Your Plant; Pumping Rates; Rating 


of Chemical Feed Equipment; Tests 
for Alkalinity and pH; Preparation of 
Stock Solutions for Coagulation Stud- 
ies ; Coagulation Studies by Use of Jar 
Test; Flow Characteristics of a Settling 
Basin; Examination of Filters; Filter 


Rates and Backwashing; Chlorine 
Tests; and Treating a Water Supply 
to Prevent Corrosion. 

From the standpoint of an educator, 
the health department's efforts are un- 
doubtedly amateurish; the self-study 
course could be improved by a special- 
ist in the field. The department is 
convinced, however, that the approach 
has merit for the conditions which pre- 
vail in West Virginia. 


Summary 


Many of the water supplies in the 
United States are derived from pol- 
luted sources. There is a continuing 
need for capable, well-trained water and 
sewage plant operators. The need for 
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well-trained operators is especially 
acute in the small plants and is a con- 
cern of state health departments. 

For the past 30 years health depart- 
ments have sought to improve water 
plant operation through routine field 
inspections, licensing and certification 
of operators, and the promotion and 
scheduling of conferences, meetings, 
short schools, and extension courses. 
All of these efforts have been produc- 
tive, and the qualifications and profes- 
sional standing of operating personnel 
have been materially improved. 

One training technique which has 
not been used by health departments 
to any extent in the past is the corre- 
spondence course. Current experience 
in West Virginia with an elementary 
correspondence course for water plant 
operators indicates that such courses 
are worth while. 
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APPENDIX 
Sample Correspondence Lesson—Examination of Filters 


1. Object: To teach the operator how 
to examine and judge the condition of a 
rapid sand filter. 

2. Reading Assignment: In Laboratory 
Control of Water Purification read pages 
213 to 217. 

3. Material Required: 
measuring rule. 

4. Discussion: A typical filter bed con- 
sists of a 24- to 36-in. depth of specially 
prepared sand supported by a 14- to 18-in. 
bed of graded gravel. The gravel should 
remain in an undisturbed, level bed. The 
sand should be level, free of cracks, mud- 
bails, and hard spots. It is not uncommon 
to find filters in very poor condition. The 
supporting gravel is sometimes found in 
a disturbed condition, mixed into the 
sand. Sand may have been washed away 
by excessive washing so that only a 
dangerously thin layer remains. Hard 
spots and mudballs cut down the effective 
filtering area, cause short filter runs, and 
require excessive wash water. 

5. To Complete the Lesson Proceed as 
Follows: For this lesson examine and 
report on one filter. For your own in- 
formation you should regularly examine 
all of the filters in your plant. 


Garden rake; 


A. Measurement of Thickness of Sand 


1. Use a long-handled garden rake and 
lower it vertically with the rake end down 
until it rests on top of the sand. Use the 
top of the filter wall as a reference point 
and make a mark on the rake handle. 

2. Backwash the filter and while it is 
washing, lower the rake gently until it 
comes to rest on the gravel. Using the 
same reference point, make another mark 
on the rake handle. Hold the rake verti- 
cally and “feel” the gravel at several 
points, especially along the walls and in 
the corners. If the wash water seems to 
break through at any particular point, 
check that point. Determine whether the 
gravel bed is level and undisturbed or 
has mounds and craters. Do not rake the 
gravel or disturb it in making this test. 


3. Measure the distance between the 
two marks on the rake handle. This dis- 
tance is the same as the depth of the sand 
in the filter. 

4. Record the 
below: 


information asked for 


a. Depth of filter sand (in.) ~—... 
b. Filter gravel is level and undis- 
turbed: yes ( ); no (_ ). 


B. Hard Spots in Filter 


Backwash the filter and while it is 
washing, use the garden rake and pass 
it back and forth through the expanded 
sand. (De not rake or disturb the 
gravel.) If the sand is clean and wash- 
ing properly, the rake will easily and 
freely pass through the sand without 
resistance. Feel for hard spots which 
will offer some resistance to the rake. 
A hard spot is an area where the filter is 
not washing properly, and the sand has 
become cemented together with “mud.” 
Sketch a plan of a filter and indicate any 
areas which may be classed as hard spots. 


C. Measurement of Mudballs 


Use the Baylis method of measuring 
mudballs as described on page 216 of 
Laboratory Control of Water Purification. 
Follow the procedure in detail. A sam- 
pling tube can be made from a tin can. 
Record the results below : 


Number of samples examined 
Total volume of samples (cc) 
Total volume of mudballs (cc) 
Per cent of mudballs 


D. Summary of Conclusions 


1. The filter sand bed is 
in. thick which (is) (is not) adequate. 

2. The gravel bed (is) (is not) level 
and undisturbed. 

3. The filter bed 
have hard spots. 

4. The filter has per cent 
mudballs in upper 6 in. of filter sand. 


(does) (does not) 


Cold-Weather Protection for Hydrants 
Staff Report 


The increasing difficulty experienced 
by the Hartford, Conn., Water Bureau 
in obtaining supplies of Type N de- 
natured alcohol for use as a fire hy- 
drant antifreeze recently initiated a 
search for a safe and economical sub- 
stitute. That search, in turn, has 
brought to light some facts and prac- 
tices in hydrant protection that will be 
of interest to all who are faced with 
the problem of preventing hydrant 
freezing. 

First, from the chemical industry, it 
has been learned that the term, “Type 
N denatured alcohol,” refers to the 
type manufactured by fermentation 
rather than synthetic producers. In 
use as an antifreeze, it is usually com- 
pletely denatured alcohol to which rust 
and corrosion inhibitors have been 
added. The primary reason for the 
present difficulty in obtaining the anti- 
freeze is probably the relatively high 
price of the ethyl alcohol compared 
with methanol, which is actually a 
more efficient freezing-point depressor. 
The one drawback to the use of metha- 
nol in hydrants appears to be its greater 
toxicity. 

From other cities noted for their 
cold weather has come a variety of 
reports. Duluth, Minn., which was 
faced with precisely the same problem 
as Hartford five years ago, success- 
fully resorted to methanol, which is 
readily available and approximately a 
third lower in cost. At Manchester, 
N.H., on the other hand, the use of 
Type N denatured alcohol continues in 
the absence of any supply problem. 
Meanwhile, the Butte, Mont., Water 
Co., which had experienced trouble 
from the freezing of ground water that 
rose in the hydrant barrel, reported 


success with the use of calcium chlo- 
ride, added in amounts sufficient to 
make a solution safe to — 40°F. 
Other cities in Montana, as well as 
Augusta, Me., and Ottawa, Ont., rely 
on physical rather than chemical meth- 
ods of protection. A number of Mon- 
tana towns agree with the Augusta 
Water Dist. in holding that “the best 
antifreeze is a dry hydrant.” They 
plug the drain and keep the barrel 
pumped dry all during the winter sea- 
son. At Augusta, inspections begin on 
October 15 and continue through the 
winter at no more than two-week in- 
tervals, and the fire department, which 
is the only authorized user of the hy- 
drants, reports every use. The more 


severe climate at Ottawa necessitates 
even more careful control, particularly 
as the most frequent manifestation of 


frost action is the seizing of the hydrant 
stem in the packing gland as a result 
of condensation of moisture at that 
point. At Ottawa, all hydrants are 
inspected daily and thawed immediately 
if frozen, and a steam boiler is dis- 
patched to all fires upon receipt of the 
alarm. In late winter, if frost has 
penetrated the ground sufficiently to 
freeze the lateral, electrical thawing 
followed by thorough flushing is some- 
times required. 

In Minnesota, where the state health 
department has ruled stop and waste 
hydrants unacceptable for use at rail- 
road watering points, protection against 
freezing at some places is provided by 
wrapping the hydrant with electric 
thermotape. Such _ protection, of 
course, requires a connection to a con- 
stant source of electric power, but the 
heating element used is not a high con- 
sumer of current. 


The Detectability of Low-Level Radioactivity 
in Water 


By A. S. Goldin, J. S. Nader, and L. R. Setter 


A contribution to the Journal by A. S. Goldin, Chemist; J. S. Nader, 
Physicist; and L. R. Setter, Sr. Scientist, all of the Environmental 
Health Center, U.S. Public Health Service, Cincinnati, Ohio. 


T is axiomatic that the ever-growing 

production and use of radioactive 
materials will lead to increasing prob- 
lems of radioactive pollution of air and 
water with consequent potentially harm- 
ful effects. The Atomic Energy Com- 
mission, recognizing the hazards, has 
instituted measures of control and 
maintains records of pollutants. Be- 
cause of the increasing availability of 
radioactive isotopes to industrial, medi- 
cal, and research users who may have 
less elaborate facilities for controlling 
their wastes, it may be expected that 
radioactive-pollution problems will in- 
crease. Furthermore, the potential use 
of radiological weapons cannot be ig- 
nored. In order to prevent the harmful 
effects which might occur as a result of 
excessive pollution, it is necessary to 
devise methods of detecting and meas- 
uring low levels of radioactive pollu- 
tion. 

There have been a number of articles 
(1-6) on the determination of radio- 
activity in water. Cowan and Nehe- 
mias (2) have made a survey of the 
problems involved in low-level deter- 
minations. Their paper considers the 
use of scintillation counters for detec- 
tion of alpha activity and end-window 
Geiger-Muller counters for detection 
of beta-gamma activity. 


The Environmental Health Center 
has been studying the impact of radio- 
activity upon the environment, par- 
ticularly the pollution of surface and 
ground water. The quantities of nat- 
ural radioactivity and the minor pollu- 
tion from some nuclear-energy opera- 
tions have usually been so small that 
chemical separations, energy determi- 
nations, and_ half-life measurements 
were not feasible. It is the purpose of 
this paper to consider the detectability 
of alpha and beta radioactivity in water 
at and below the presently accepted 
tolerance level of 1 X 10°? microcuries 
(we) per milliliter—100 micromicro- 
curies (myc) per liter (7). 


Statistical Considerations 


The lower limit of radioactivity that 
can be determined by observations over 
a finite time is fixed by the statistically 
random nature of radioactivity. It is 
well known that radioactive disintegra- 


‘tions occur randomly in a manner de- 


scribed by the Poisson distribution. As 
a consequence of this characteristic, the 
counting rate of a sample fluctuates 
about a mean value. 

In the determination of any counting 
rate, there are two measurements made 
—the observed counting rate, F,, of 
sample-plus-background, and the back- 
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ground counting rate, R,. The desired 
net counting rate, Fk, of sample alone 
is the difference between the observed 
and the background counting rates: 


It can be shown (see Appendix, p. 
80) that the standard deviation, s, of 
the net counting rate is given by the 


formula: 
R, R, 


where ¢, and ¢, refer to the time during 
which Fk, and R, are respectively 
counted. 

If it is assumed that the normal dis- 
tribution is a good approximation of 
the Poisson distribution—an assump- 
tion which is valid if a reasonably large 
number of radioactive disintegrations 
are observed—then, at the 95 per cent 
level of confidence, the limit of error. 
F., is 1.96 times the standard deviation : 


The minimum detectable counting 
rate, R,,, is taken to be equal to the 
limit of error of the counting rate, R— 
that is, it is that value for which zero 
is no longer included within the 95 per 
cent confidence limits. This means, for 
example, that a counting rate of 4.9 + 
5.0 is not considered detectable, whereas 
5.1 + 5.0 is considered detectable. 

R» can be substituted for FE in Eq 3 
to give: 

R, = 1.96 s = 1.96 (4 + (4) 

It is shown in the Appendix that the 
error in R,, for any given total counting 
time is at a minimum if t, = t) =f, 
when R, = R,. This condition is ap- 
proximately true for the low counting 
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rates being considered. The minimum 
detectable activity, /,,, is then equal to: 


R,, + 2R, 
= 1.96 ( (5) 


t 

Figure 1 is a graph of Eq 5 for t = 32 
min. This counting time has been ar- 
bitrarily selected as the longest prac- 
tical counting period for assaying a 
large number of samples. Figure 1 
shows that the minimum detectable 
counting rate is approximately propor- 
tional to the square root of the back- 
ground counting rate for backgrounds 
greater than 0.3 count per minute 
(cpm). Over the usual range of beta 
background counting rates—15—65 cpm 
—the minimum detectable counting rate 
ranges from 2 to 4 cpm. (ver the 
usual range of alpha background count- 
ing rates—O.1—1.0 cpm— the minimum 
detectable counting rate ranges from 
0.22 to 0.55 epm. 

Figure 1 includes background rates 
less than 0.3 cpm or 10 counts per 
period. Although the statistics are not 
completely reliable in this low range, 
the extension of the graph of Iq 5 is 
a fair estimate and shows a diminishing 
return of minimum detectability by a 
further reduction in the background 
counting rate (2). In other words, a 
substantial lowering of the background 
counting rate in this range does not 
give a proportional improvement in the 
minimum detectable rate. 

It should be emphasized that Eq 5 
is calculated on the basis of purely 
random fluctuations. If a systematic 
variation exists, such as one due to 
atmospheric conditions or to loading 
of the electrical circuits, the calculated 
minimum detectable counting rates are 
not valid. Such systematic variations 
are detected by determining the back- 
ground several times during the day. 


2 
ty 
E = 1.96s = 1.96] — + — } . .(3) 
bo th 
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Counter Efficiency 


The foregoing minimum detectable 
counting rates apply only to the num- 
ber of counts detected by the instru- 
ment; they do not refer directly to the 
sample disintegration rate or to the 
activity of the sampled material. In 
order to minimize the effect the 
counting error on the minimum de- 
tectable activity, it is desirable to test 
as large a sample as practical and to 
detect as large a fraction of its disin- 
tegrations as possible. 

The major factors which determine 


ot 
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of beta radioactivity. They are par- 
ticularly suitable for counting the rela- 
tive concentration of a single isotope 
having a moderate-to-high maximum 
energy, such as in tracer studies. The 
counting — efficiency end-window 
tubes, however, is usually less than 20 
per cent for samples spread on even a 
small area, because of the low geometry 
and the absorption of radiation by the 
window and air. The extent of window 
absorption losses is dependent on the 
energy of radiation, being much greater 
for low-energy emitters. 
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Fig. 1. 
The background levels are variable. 
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min 


the overall efficiency of detection in- 
clude: [1] geometry; [2] window and 
air absorption; [3] back-scatter; [4] 
self-absorption; and [5] self-scatter. 
Self-absorption and self-scatter are pri- 
marily determined by the nature of the 
sample, and are only secondarily af- 
fected by the detector. For the highest 
detection efficiency, it is desirable that 
the geometry and back-scatter factors 
be large, with a minimum of window 
absorption and self-absorption. 
End-window Geiger-Muller counters 
are widely used for the determination 


The Minimum Detectable Counting Rate 
The sample and background « 


counted for 
each. 


Internal sample counters and scintil- 
lation counters can have a geometry as 
high as 50 per cent, and, furthermore, 
have no losses from window and air 
absorption. They are also able to de- 
tect all the back-scattered radiation, 
which amounts to approximately 25 
per cent of the total radiation from a 
beta emitter mounted on a_ backing 
having a medium atomic number, such 
as copper. Although internal sample 
counters are available in both propor- 
tional and Geiger types, the propor- 
tional counter has the advantage of 
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Fig. 2. The Minimum Detectable Radioactivity of 200-ml Samples 
The 200-ml samples of water were evaporated and counted for 32 min in instruments 


having various efficiencies and background levels. 


The following are typical effi- 


ciencies: internal proportional counter—60-75 per cent for beta activity and 51 per 
cent for alpha activity; end-window Geiger-Muller—1-15 per cent for beta activity; 
scintillation counter—15 per cent for alpha activity (2). 


being able to determine alpha radiation 
in the presence of beta. When self- 
absorption is negligible, the overall 
counting efficiency of an internal pro- 
portional counter was found to be 51 
per cent for alpha emitters, and 73 per 
cent for a beta emitter. These values 
were checked by counting the alpha 
particles from a radium D+ E+ F 


calibrated source and beta particles 
from a P** calibrated solution, both 
of which were obtained from the Na- 
tional Bureav of Standards. 


Sample Preparation 


The ideal sample would be one rep- 
resenting a large portion of the original 
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Fig. 3. The Minimum Detectable Radioactivity of 500-ml Samples 


The 500-ml samples of water were evaporated and counted for 


2? 


min in instruments 


having various efficiencies and background levels. 


material deposited as an infinitely thin 
film over a small area. In practice, a 
compromise among these mutually con- 
tradictory requirements must be made. 
In order to get a large sample into a 
counting dish and still keep the sample 
thin, it is necessary to use a dish of 
large area. This is possible only if 
the counter is efficient in detecting radi- 
ation over the extended area. The ef- 
ficiency of end-window Geiger-Muller 
counters in detecting radiation decreases 


as the source area becomes larger (8), 
whereas larger samples can be used in 
some scintillation and internal counting 
chambers with very little loss of effi- 
ciency. Aluminum milk bottle caps 
4.8 cm in diameter with a useful area 
of 20 sqcm have been adopted for use 
in internal gas-flow counting chambers. 
Tests have shown a loss of less than 
2 per cent in the detection of radiation 
from a source extended over 20 sq cm 
as compared to an equivalent source 
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1 mm in diameter centrally located in 
the dish. 

The evaluation of self-absorption in 
low-level radioactive samples is very 
difficult. Significant self-absorption 
losses of beta radioactivity have been 
found (¥) in mixed fission product 
samples having a_ thickness of 
than 2 mg per square centimeter, 
whereas Graf (//) has reported even 
greater losses for the soft-beta emitter, 
Ca". Inasmuch as a correction for 
self-absorption is impossible for radio- 
activity of unknown energy, the pro- 
cedure of using as large a sample as 
practical in order to obtain maximum 
sensitivity, even at the expense of pre- 
cision, has been adopted. Samples 
showing relatively high radioactivity 
are subsequently retested using smaller 
samples to minimize the error due to 
self-absorption. 


less 


Levels Detected 

The overall detectability depends on 
the factors given above and on the size 
of sample taken. In the authors’ lab- 
oratory, samples of 200 ml or more are 
evaporated to dryness. In order to 
avoid losses by adsorption on glass- 
ware, the samples are evaporated di- 
rectly in the counting dishes at a tem- 
perature of 70-80°C. Although the 
procedure is time consuming, it avoids 
spattering and permits the deposition 
of a uniform film of sample solids. 
The radioactivity of suspended solids is 
determined by filtering a sample, usu- 
ally 500 ml, through a molecular filter 
(11). The membrane and suspended 
solids are then dried and counted. 

The minimum detectable level of 
radioactivity in 200-ml samples of wa- 
ter is plotted against the overall detec- 
tion efficiency in Fig. 2. A family of 
curves is given for various backgrounds 
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up to 75 cpm. Figure 3 is a similar 
graph for 500-ml samples. 

The minimum detectable radioactiv- 
ity levels shown in Fig. 2 and 3 were 
recapitulated in Table 1 for 200- and 
500-1 samples and were compared to 
Cowan and Nehemias’ detectable limits 

2) converted to the 95 per cent con- 
fidence level. The table indicates that 
the internal proportional counter de- 
tects a lower level of alpha activity than 
the scintillation counter. Similarly, the 
internal proportional counter is more 
sensitive to beta radiation than the end- 
window Geiger-Muller counter. Fur- 


TABLE 1 


Minimum Detectable Radioactivity of Water* 


Beta Activity 
per liter 


Alpha Activity 
Sample puc per liter 
Size 
ml 


| 
| 
| 
| 


EHC** | Cowan (2)} EHC** | Cowan (2 


19 
604 


* Negligible self-absorption. 
+ For an alpha emitter 
For Po™®, 
§ For a beta emitter. 
For 
# For 
** Environmental Health Center. 


thermore, the sensitivity of the internal 
proportional counter does not differ 
appreciably for beta radiations of dif- 
ferent energies. 

A procedure (1/2) for the determina- 
tion of alpha and beta radioactivity in 
surface and ground water and in fresh 
water biota has been adopted by the 
Environmental Health Center and em- 
bodies the principles and techniques set 
forth in this paper. 


Summary 


A study of the factors involved in 
the detection of low-level radioactivity 


200 | 1.5¢ | | 
500 | 5§ 
| 
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in water has been made. ‘These factors 
include: [1] the background counting 
rate; [2] the efficiency of radiation 
detection; and [3] the sample size. 
The greatest sensitivity is obtained by 
counting large dried samples in efficient 
counting equipment. A _ low back- 
ground, although desirable, is less im- 
portant than efficient detection and 
large sample size. Internal sample 
proportional counters have been shown 
to be more sensitive than end-window 
Geiger-Muller counters for this appli- 
cation. 

A formula has been derived which 
relates the minimum detectable count- 
ing rate to the background counting 
rate. Graphs are presented which re- 
late the minimum detectable radioactiv- 
ity levels of water to background, coun- 
ter efficiency, and sample size. 

When the dry solids of 200-ml sam- 
ples are counted for 32 min in an in- 
ternal proportional counter, the statis- 
tical lower limits of detectability of 
alpha and beta radioactivity are shown 
to be 1.5 and 11 ppc per liter (1.5 x 
10°° and 1.1 X 10°° pe per milliliter) 
respectively, as compared to the general 
maximum permissible level in drinking 
water of 100 pyc per liter (1 * 10°7 pe 
per milliliter ). 
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APPENDIX 
Radioactivity Statistics 


The radioactivity statistics which fol- 
low include equations for determining 
the standard deviation of net rate and 
the most efficient counting time. 


Standard Deviation of Net Rate 


The Poisson distribution formula 
gives the probability of exactly k events 
occurring when the average or expected 
number of events is m: 


It is shown in texts on mathematical 
statistics (13), that a Poisson distri- 
bution with mean m is characterized by 
having its variance also equal to m. 
Radioactive disintegrations occur ran- 
domly in a manner described by the 
Poisson formula. 

The quantity which is of the greatest 
interest in radioactivity determinations 
is usually the rate of the events, not 
their number. These rates do not fluc- 
tuate in a Poisson manner, but the 
standard deviation of the rate can 
readily be determined. 

Suppose m events are observed in 
time ¢. Then the rate r is given by 


r As r is a function of n, its variance 


can be found by the formula: 
dr 
As l’, = n, Eq 7 becomes: 
(8) 
Applying Eq 8 to the rates Rk, and 


R, gives the variances, and of 
these rates : 


and J, —,..(9 


As the net counting rate, R, is the dif- 
ference between these two rates, its 
variance, ’, is equal to the sum of 
their variances : 


(10) 
The standard deviation, s, is the square 
root of the variance, or 


as stated in Eq 2. 
Most Efficient Counting Time 


It is desired to establish the optimum 
counting times, ¢, and ¢,, to minimize 
the error in FR, subject to the condition 
that the total counting time, 7, be 
constant : 


T =t, +t, = constant (12) 
Then 

dT = dt, + dt, = 0....(13) 
or 


To minimize the error, it is sufficient 
to minimize the variance by setting its 
derivative with respect to either ¢, or 
t, equal to zero: 


dit, = — dts... 


ty” 
R, dt», R, 
dV = 


t 


(15) 
(16) 


Equation 17 gives the optimum ratio 
of counting times for any rates; for the 
specific case of very low activity when 
R, is approximately equal to FR, the 
condition for optimum distribution of 
counting times is f, = fp. 
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Control of the Treatment of Water in 
Building Piping Systems 


By Andrew T. Dempster 


A paper presented on Sept. 24, 1952, at the Michigan Section Meet- 
ing, Battle Creek, Mich., by Andrew T. Dempster, Director, Bureau 
of San. Eng., Detroit Dept. of Health, Detroit, Mich. 


RACTICALLY everyone in this 
country accepts the safety of drink- 
ing water from public water supplies 
without question, because it is assumed 
that the treatment of every public sup- 
ply is carefully controlled by competent 
plant and laboratory personnel. ‘This 
confidence in public water supplies has 
grown as a result of public experience 
with safe water supplies that have de- 
creased waterborne diseases to a negli- 
gible amount in the last half century. 
With this record in mind, it is dis- 
turbing to those in the water works and 
public health fields to find that the care- 
ful control of the water treatment 
process at the source of public water 
supplies can be undone by careless sup- 
plementary treatment of the water 
within buildings before it is delivered 
to the final consumer outlet. The 
necessity for supplementary treatment 
of public water supplies has developed 
because of the desire of a building 
owner or caretaker to provide an ade- 
quate flow of water by removal of scale 
and to prevent leaks in the piping sys- 
tem due to corrosion. This practice 
of supplementary treatment, which has 
grown up especially in large office and 
apartment buildings, is not, of course, 
deliberately carried on by owners or 
managers in a manner which would 
endanger the building occupants’ health. 
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It is unfortunate, however, that both 
the method of introducing treatment 
materials and the chemical compounds 
themselves may be harmful to those 
consuming water so treated, although 
corrosion and scaling may be stopped 
or arrested in the piping systems by 
the action of these compounds, 

In the early 1930's it came to the 
attention of the Detroit Dept. of Health, 
through the complaints of apartment 
residents, that the hot-water supply, 
and, in one or two buildings, the cold- 
water supply, were being altered in 
some way so that excessive foaming 
occurred when bath water was drawn, 
or the water had a color that differed 
from the normal city water. 

Investigations of these complaints 
revealed that these unusual conditions 
were caused by the supplementary 
treating of the hot water or of both the 
hot and cold water in the buildings. 
It was also found that the method of 
introducing the treatment chemicals 
into the water piping system was very 
crude, and overdosage of chemicals 
could easily result. The feeders nor- 
mally used were of the “pot” type, 
either with or without equalizing lines. 
Most of the chemical compounds in 
use had a greater specific gravity than 
water and would flow by gravity from 
the feeder into the hot-water distri- 
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bution system, or, in several buildings, 
directly into the main supply line of 
the building, so that both hot- and 
cold-water supplies were treated. It is 
readily apparent that the opening of the 
control valve on the feeder and the 
amount of the chemical in the reservoir 
were the two factors controlling the 
rate of chemical dosage into the water 
system. 

The control valve and the refilling of 
the feeder were usually the responsi- 
bility of the building caretaker, or 
someone under his supervision, who 
generally did not have any training in 
this field and could not be expected to 
exercise the careful control needed. 

It was also learned, by chemical 
analysis, that one of the chemical com- 
pounds used in the supplementary treat- 
ment of building water systems was 
potassium dichromate, a compound 
containing hexavalent chromium, which 


is toxic except in very minute quanti- 
ties and is also considered to accu- 


mulate in the body. The presence of 
hexavalent chromium in excess of 0.05 
ppm is sufficient for the rejection of a 

rater supply according to the U.S. 
Public Health Service Drinking Water 
Standards (/). 

In one building where both the 
hot- and cold-water supplies were 
treated with compounds containing po- 
tassium or sodium dichromate, the 
dosage was so high that the water 
seals in the toilet bowls were always 
yellow, regardless of the number of 
times they were flushed. 


Possible Solutions of Problem 


These complaints, coupled with the 
facts brought out in the department’s 
investigations, caused the Detroit Dept. 
of Health to ask the aid of the depart- 
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ments of water supply and of buildings 
and safety engineering in finding a so- 
lution to the problem of supplementary 
treatment. A committee representing 
the departments examined three possi- 
ble methods of solving the problem: 
[1] to make it illegal to add treatment 
chemicals to building water systems; 
|2] to treat the water supply at the 
water plant so that the necessity for 
supplementary treatment would be 
practically eliminated ; and [3] to regu- 
late the supplementary treatment so 
that proper equipment and personnel 
would be used. 

The first method mentioned would 
be the easiest to accomplish as it would 
not be difficult to have the proper ordi- 
nances passed to make this practice 
illegal. If the reasons for using sup- 
plementary treatment in building water 
systems were not eliminated, however, 
the need for this treatment would still 
exist and would probably either re- 
sult in the illegal treatment of water 
supplies in some buildings, or bring 
about pressure for the repeal of the 
ordinance at a later date. 

The second alternative—treating the 
water supply at the city water plant— 
could be instituted only at a consider- 
able expense by altering the treatment 
of the water supply at the plant to such 
a degree that the corrosion and scaling 
of water lines within the buildings 
would be kept at a minimum. The 
difficulty in this solution, in a large city 
particularly, would be the necessity— 
and consequent high cost—of treating 
the entire water supply although only 
a portion of the users actually required 
it. In Detroit there is no serious cor- 
rosion problem in the cold-water piping 
system, but the problem becomes pro- 
nounced when the water is heated, es- 
pecially above 160°F, at which point 
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the breakdown of calcium bicarbonate 
causes corrosion and scaling. 

After much deliberation, the commit- 
tee decided that Detroit’s most logical 
answer to this problem of supplemen- 
tary treatment would be to regulate it. 


Interim Solution 


As an interim solution until an ordi- 
nance could be drawn up, a notice 
which contained a resolution adopted 
by the Detroit Board of Health on 
Nov. 2, 1938, was issued and attached 
to each water bill going to consumers 
having a 14-in. meter or larger. This 
notice warned building owners not to 
add poisonous or deleterious compounds 
to the water system, either hot or cold, 
for the purpose of inhibiting or remov- 
ing scale, rust, or corrosion, or for 
any other reason, unless devices for 
proper dosage under competent lab- 
oratory control were provided. 


Many of the compounds then being 
sold to building owners were analyzed 
by the departments of health and water 
supply to see if they contained chemi- 
cals that would be dangerous in rela- 
tively small quantities when added to 


the water supply. The health depart- 
ment was particularly worried about 
potassium dichromate and found that 
one or two products did contain this 
compound, A warning was therefore 
issued to the effect that products con- 
taining this compound should not be 
added to water in the city of Detroit. 

Various types of feeding devices were 
tested in the building department’s 
plumbing laboratory. Also, informa- 
tion on the supplementary treatment of 
building water supplies in other cities 
was compiled. It was found at that 
time that no ordinance governing this 
treatment was enforced in any city of 
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the United States, but that several 
cities, such as New York, were con- 
sidering the passage of such an ordi- 
nance. New York did adopt one that 
hecame effective Apr. 1, 1939 (2). 


Objectives 


As a result of the health depart- 
ment’s work, it was concluded that, to 
accomplish properly the regulation of 
supplementary treatment, it would be 
necessary to place a responsible person 
in charge of the treatment of each 
huilding’s water supply system. This 
person would also have to be sufficiently 
qualified to recognize the possible haz- 
ards and take the necessary precau- 
tions. It was further decided that the 
operation of the dosing device for add- 
ing chemical material to building wa- 
ter systems would have to be practically 
foolproof. Thus, the device would have 
to treat the water in a definite propor- 
tion that could not be easily altered, 
and would continue to treat it propor- 
tionately regardless of changes in rate 
of flow. 

It was further found that the type of 
dosing device commonly used in water 
treatment plants might become haz- 
ardous if there were any interruptions 
in the pressure available in the building 
water supply system, and it would 
therefore be necessary to design and 
manufacture the device in such a man- 
ner that only very small quantities of 
material could be siphoned from. it 
when negative pressures were present 
in the city supply system. (Inciden- 
tally, there were no such devices on the 
market at that time). Lastly, it became 
apparent that the compounds used in 
supplementary treatment should be 
thoroughly checked and analyzed by a 
government agency before they were 
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certified for use by persons licensed to 
carry on supplementary treatment. 


Ordinance 


A tentative ordinance, which made 
the health department responsible for 
certifying the people that would engage 
in the supplementary treatment of wa- 
ter supplies, was drawn up with these 
three objectives in view. The health 
department examines an applicant, and 
if the examination reveals that he un- 
derstands the problem of properly ap- 
plying supplementary treatment and is 
otherwise qualified, he is recommended 
to the building department as eligible 
for licensing as a water treatment op- 
erator. The water department was 
made responsible for analyzing and 
certifying the chemical compounds used 
in supplemental water treatment, and 
the devices for applying the chemicals 
were to be tested and accepted by the 


department of buildings and safety en- 
gineering before they were installed by 


licensed master plumbers. Most of the 
enforcement procedures were also 
placed under the jurisdiction of the 
building department. 


Dosing Device 


Before the enactment of this ordi- 
nance in April 1943, many of the fac- 
tors involved in its enforcement were 
carefully analyzed. The ordinance was 
reviewed with many of the persons 
already engaged in the water treatment 
business in Detroit and it was found 
that much difficulty would be encoun- 
tered in procuring a dosing device that 
would meet all of the requirements 
thought to be necessary. In the tenta- 
tive ordinance, it was stipulated that 
the treatment material should be sup- 
plied in sufficiently small quantities and 
at intervals to insure an average dosage 
(in each 10 gal of water being treated) 


DEMPSTER Jour, AWWA 
not to exceed the specified maximum 
dosage allowed by the ordinance. 

The device was also to be con- 
structed so that it could not exceed 
the maximum dosage of the material 
that was to be added to the water unless 
the device was altered at the factory. 
These two provisions were necessary 
because some limitations had to be 
placed on the average dose, many of 
the pumps being either diaphragm- 
or piston-operated and working inter- 
mittently. It is conceivable that a 
proportional dosage requirement could 
be met even though the dosing equip- 
ment operated only once for every 
1,000 or 2,000 gal of water that flowed 
by the device, instead of at the 10-gal 
interval established. It was also felt 
that the device should be made so that 
the proportioning mechanism could not 
be changed readily in the field; thus, 
a person without proper qualifications 
would not be able to increase the 
dosage. 

It was necessary to apply the treat- 
ment to the cold-water makeup line to 
the hot water system, because, in larger 
buildings, most hot water systems re- 
circulate the water. If treatment were 
applied to the discharge of the hot- 
water heating equipment, in off-peak 
hours the chemical concentration would 
build up to a concentration greater 
than the maximum established, as the 
water in the hot-water system is re- 
circulated through the heater several 
times before it is actually used. 

It was thought that some means of 
checking the accuracy of the dosing 
equipment was necessary and, there- 
fore, the ordinance required that a 
visible gage be available to show the 
quantity of material present in the 
reservoir at any time and also that 
the water being treated be measured 
by a metering device, the device to 
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be constructed so that, in the event of 
a backflow or vacuum, the maximum 
amount of material that could be si- 
phoned from the device or any of its 
attachments would not exceed 1 oz 
(fluid). The dosing device should 
automatically cease operating when a 
failure in the water metering device 
or the water supply occurs. This re- 
quirement has been construed to mean 
that the device should stop operating 
if a reversal of flow takes place. The 
ordinance also requires that the device 
be tested by the department of buildings 
and safety engineering before use in 
the city of Detroit is allowed. At the 
present time only two devices have 
been accepted. 


Addition Compounds 


The ordinance stipulates that no in- 
organic compounds should be used to 
increase the total alkalinity, total hard- 
ness, or total silica content of the water 
by more than 50 ppm, and that no 
organic compounds should increase the 
turbidity by more than 10 ppm (silica 
scale) and the color by more than 
20 ppm, as determined by standard 
methods of water analysis. It was fur- 
ther required that any substances pres- 
ent in quantities that would be consid- 
ered deleterious to public health must 
be reduced to a safe amount or elimi- 
nated. 

It was stipulated that the chemicals 
be stored in metal containers acceptable 
to the department of buildings and 
safety engineering, and that these con- 
tainers be kept locked, except when the 
reservoir of the dosing device was 
being refilled. 

It was also stipulated that the en- 
forcing officer may at any time require 
that samples of water be taken before 
and after treatment from test cocks 
provided for the purpose, and that 
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these may be analyzed by the water 
treatment operator for increases in total 
alkalinity, hardness, and silica content 
if inorganic compounds are _ being 
added, and for increases in color and 
turbidity if organic compounds are 
being added. 


Ordinance in Practice 


The reasons for many of these re- 
quirements are already apparent from 
the objectives outlined in the regula- 
tions for supplementary water treat- 
ment. Later developments have shown 
that practically all of these provisions 
were necessary to regulate properly 
those engaged in the supplemental 
chemical treatment of water in build- 
ing systems. In several buildings in 
which electrical methods were used, it 
was found that this ordinance could 
be invoked to control the treatment 
method. 

The requiring of water meters met 
some opposition from the firms treating 
water in building systems. It has de- 
veloped, however, that the water meter 
is an important addition in helping a 
building operator note how much hot 
water is being used. In several build- 
ings severe losses of hot water during 
off-peak hours were noticed when the 
water meter was checked for consump- 
tion. It has also enabled the treatment 
operators to show the value of the 
treatment, as it can be demonstrated 
invariably that when the treatment 
process removes scale from the lines, 
the per capita consumption of water 
decreases in the building, probably be- 
cause hotter water is delivered more 
quickly after the lines are cleaned, thus 
making it possible to use less hot water 
to accomplish the same results. 

The dosing equipment that was used 
before the passage of the ordinance 
allowed many possibilities for the over- 
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treatment of building water supply sys- 
tems. The inadvertent changing of a 
valve setting, the amount of material 
present in the reservoir, and the fact 
that these gravity devices worked 
whether there was any flow or not, 
were some of the things that could 
cause serious overdosing. 


Operation Stops 
When Reverse 
Flow Occurs 
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problems inherent in the old devices 
were surmounted. The siphonage 
problem was reduced to a minimum by 
pumping the chemical through an air 
gap and then repumping it. 

Analyzing the chemicals and approv- 
ing them for certification have pre- 
sented problems because many different 
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Automatic Dosing Device Incorporating Protective Features 


The chemical is pumped through an air gap and then repumped, thus alleviating the 


problem of back-siphonage. 


The maximum possible back-siphonage is 1 o 
The dosage is limited mechanically to 50 ppm. 


( fluid ). 
The actuating mechanism starts the 


pistons once for every 10 gal of water flow. 


Kven when a mechanical device con- 
trolled by a water meter but having only 
one pumping unit was used, there was a 
possibility of siphoning large quantities 
of material into the water system when 
a negative pressure due to an interrup- 
tion in the service at some other point 
existed in the system. Figure 1 shows 


an acceptable device. Most of the 


types of compounds have been sub- 
mitted and it is sometimes difficult to 
compute the permissible limit of dosage. 
The most popular compound for treat- 
ment of hot-water systems is sodium 
silicate, and, fortunately, its optimum 


dosage rate of 8-30 ppm (2) is far 


below the 50-ppm increase in silica 
allowed in the ordinance. 
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Other Precautions 

The Public Health Service Drinking 
Water Standards (7) definitely pro- 
hibit the addition of salts of hexavalent 
chromium for water treatment pur- 
poses, which precludes the use of potas- 
sium dichromate in water treatment 
compounds. Salts of barium and heavy- 
metal glucosides are also forbidden by 
these standards. 

Another compound that has been 
proposed for use in hot-water systems 
is sodium sulfite, which reduces the 
amount of oxygen in the water system 
and thereby eliminates considerable cor- 
rosion. The amount of sodium sulfite 
required to eliminate corrosion in De- 
troit water is generally found to be 
on the order of 100 ppm. It is the 
health department’s opinion, however, 
that it is dangerous to use this com- 
pound in water for human consumption 
in such quantities. The U.S. Dept. of 
Agriculture rendered an opinion years 
ago to the effect that sodium sulfite 
should be eliminated entirely as an ad- 
ditive to food products. Another haz- 
ard to health may exist in the high 
sodium content of water resulting from 
large doses of any sodium salt for water 
treatment purposes. This high sodium 
content might be hazardous to people 
on low-sodium diets who are unsus- 
pectingly drinking beverages brewed 
with hot water or who are drinking hot 
water because of stomach disorders, for 
example. It has been shown by Me- 
Guire (4) that people on low-sodium 
diets can get a large proportion of their 
sodium intake from drinking water 
alone when the sodium content of the 
drinking water is greater than 50 ppm. 

The quantities of molecularly dehy- 
drated phosphates should be limited. 
The Manual of Recommended Water 
Sanitation Practice of the U.S. Public 
Health Service (5) suggests that the 
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use of these compounds in excess of 
10 ppm for treating any drinking water 
should be avoided. This amount is nor- 
mally within the recommended dosage 
for effective treatment. 

Still another precaution must be 
taken against introducing bacteriologi- 
cal contamination through the careless 
handling of the chemicals when filling 
the reservoirs of the dosing devices. 
The author believes that this problem 
alone is sufficient reason for demand- 
ing licensed operators. 

There has been no attempt in this 
discussion to evaluate the efficiency of 
these supplementary chemical com- 
pounds in preventing scale formation 
or leaks in piping systems. There is 
much literature on this subject, and 
articles have appeared in the JoURNAL 
on such subjects as the efficiency of 
sodium silicate in inhibiting corrosion 
| Lehrman and Shuldener (6) |, the use 
of sodium hexametaphosphate | Rice 
and Hatch (7)], and the treatment 
of hot water supplies at army posts 
| Kessler, Sundstrom, and Tomek (&) |. 
It should be pointed out that many of 
the building managements that started 
supplementary treatment of their hot- 
water systems ten or fifteen years ago 
are continuing to do so today, which 
would indicate that they consider the 
practice worth while. 

Treatment chemicals can cause prob 
lems in water systems other than those 
relating to health. An overdosage of 
chemicals may cause a chemical plug to 
form at some point in a piping system, 
and it may also cause the quick release 
of scale and thereby plug shower heads 
and faucets. 
exercise careful control; only an ex 
perienced or trained operator can pre 
vent or minimize such occurrences. 

All aspects of the proper regulation 
of supplementary treatment have not 


Again, it is necessary to 
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been covered completely. Detroit’s or- 
dinance, however, has reduced the 
number of complaints received by the 
various municipal departments to a 
negligible amount. The health depart- 
ment realizes that there is probably 
some illegal treatment of water sup- 
plies in the city in spite of the ordi- 
nance, but it is felt that the ordinance 
has reduced the practice to a minimum. 


Summary 


Municipalities having public water 
supplies that are treated by the addi- 
tion of supplementary chemical com- 
pounds in individual building piping 
systems have three possible methods to 
eliminate or minimize the health haz- 
ards which may result. These munici- 
palities can eliminate the practice by: 
[1] making it illegal to add chemicals 
to private systems ; |2| treating the wa- 
ter at the municipal plant, thus making 
additional treatment unnecessary; or 


[3] regulating methods and equipment 
and licensing qualified personnel to su- 
pervise the supplementary water treat- 


ment process. The regulatory method 
has been tried satisfactorily in at least 
two large American cities. 
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In these specifications there are pre- 
sented five different methods of analysis 
for available calcium oxide content which 
have been found satisfactory for many 
years as bases for the purchase of lime 
for water treatment. Regardless of which 
method is preferred, usable results will 
be obtained only if the acid is carefully 
standardized, in accordance with such in- 
structions as those included here, and if 
the procedure for the specific test is fol- 
lowed in exact detail. 

Some water works men still believe 
that a better evaluation of lime can be 
made and more accurate results obtained 
by determining total calcium oxide 
(CaO). In addition to available calcium 
oxide, such an analysis determines cal- 
cium oxide present as calcium carbonate 
—a factor of little importance in water 
treatment. For those who prefer the total 
calcium oxide method, however, as well 
as for those who wish to make a complete 
analysis, the methods outlined in ASTM 
method C25 are recommended. 

Not only are many different methods 
of analysis used, but some water works 
chemists prefer to use the average of 
more than one method in their evaluation 
of lime. The means of evaluation should 
be agreed upon between manufacturer and 
purchaser at the time of purchase. 

In any evaluation method, it will be 
found that the amount of available cal- 
cium oxide varies in the limes sold by the 
many large manufacturers throughout the 
country. Such factors as source of rock, 
manufacturing conditions, and even per- 
sonnel have an effect on the quality of the 
product. Because of the wide variation 
possible and because cost of transporta- 
tion is at times an appreciable part of the 
price, purchase on a bonus and penalty 
basis has been recommended herein. 

Similarly, a slaking penalty and bonus 
system has been specified for quicklime. 
As quicklime is fed through slakers, a 
lime that slakes readily is more economi- 
cal to use and less difficult to handle in a 
treatment plant. In a number of plants 
where lime which not meet the 
slaking requirements can be used satis- 
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factorily, the slaking penalties may not 
be required. But even in these plants it 
will be wise to run a plant test before 
waiving the slaking penalty requirement. 

In the specifications no limit has been 
set for magnesium, as it was felt that 
keeping the available calcium oxide con- 
tent within the specified penalty-free limit 
would automatically take care of the 
problem. And although it was known 
that insoluble matter, iron, and aluminum 
can cause turbidity when lime is applied 
to a filtered water or one not to be fil- 
tered, no limit was set for these con- 
stituents because the difficulty with tur- 
bidity can be overcome by adding the 
lime as a saturated solution. If such a 
procedure is not practical, it may be 
necessary for individual plants to set up 
limits for insoluble matter and iron and 
aluminum oxides when purchasing lime, 
but such a condition occurs so rarely that 
inclusion of a provision for it in these 
specifications was felt unwarranted. 

Likewise, no mention was made of the 
character of insoluble matter, on the as- 
sumption that its composition would be 
such that no trouble would be experienced 
in applying the lime by means of a dry- 
feed machine. And the specifications do 
not require the stamping of date of manu- 
facture on the bags in which hydrated 
lime is shipped, on the assumption that 
the material will be delivered to the point 
of use in a condition to be handled readily 
in a dry-feed machine. 

The specifications cover only limes 
composed mainly of calcium oxide or 
calcium hydroxide. Limes used for spe- 
cial purposes—such as dolomitic limes for 
removal of silica—are not included. 
Thus, for the. purchase of lime of a dif- 
ferent color or chemical composition, the 
specifications may be changed to provide 
the kind of material desired by the pur- 
chaser. The composition of such mate- 
rial should be agreed upon by the manu- 
facturer and purchaser before shipment. 

In the specifications for lime of any 
type, the purchaser may specify the 
method of manufacture to be used for 
making the material to be supplied. 


“Bee 
we 
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Tentative Standard Specifications for 


Quicklime and Hydrated Lime 


Part A—Material Specifications 


Sec. 1A—Scope 


These specifications cover pebble, 
lump, or ground quicklime and hy- 
drated lime for use in the treatment 
and softening of municipal and indus- 
trial water supplies. The specifica- 
tions are intended for use in connection 
with Part B (Sampling, Inspection, 
Packing, and Marking) and Part C 
(Testing Methods) of this document. 


Sec. 2A—Definitions 


2A.1. Quicklime is the product re- 
sulting from the calcination of lime- 
* stone or equivalent, such as dried wa- 
ter treatment sludge of suitable analy- 
sis, and consists essentially of calcium 
oxide or calcium oxide in natural asso- 
ciation with a lesser amount of mag- 
nesium oxide. 

2A.2. Hydrated lime is a_ very 
finely divided powder resulting from 
the hydration of quicklime with enough 
water to satisfy its chemical affinity. 
It consists essentially of calcium hy- 
droxide or a mixture of calcium hy- 
droxide and magnesium hydroxide, de- 
pending on the type of quicklime used 
in slaking. 


Sec. 3A—Sampling 


Sampling shall be conducted in ac- 
cordance with Part B (Sampling, In- 
spection, Packing, and Marking) of 
this document. 


Sec. 4A—Methods of Testing 


The laboratory procedures shall be 
conducted in accordance with Part C 
(Testing Methods) of this document. 


Sec. 5A—Impurities 


5A.1. The quicklime or hydrated 
lime supplied under these  specifica- 
tions shall contain no mineral or or- 
ganic substances in quantities capable 
of producing deleterious or injurious 
effects upon the health of those con- 
suming the water which has_ been 
treated with it. 


Notre: The amount and nature of the 
fluoride compounds in lime supplied under 
these specifications shall be such that the 
fluoride content of the water as dis- 
tributed to the consumer will not be in- 
creased more than 0.1 ppm by treatment 
with the lime. 


5A.2. Quicklime shall be substan- 
tially free of core, ash, and dirt. 


Sec. 6A—Rejection 


6A.1. Notice of dissatisfaction with 
a shipment, based on these specifica- 
tions, must be in the hands of the con- 
signor within 10 days after receipt of 
the shipment at the point of destina- 
tion. If the consignor desires a retest, 
he shall notify the consignee within 
5 days of notice of the complaint. 
Upon receipt of the request for a retest, 
the consignee shall forward to the con- 
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signor one of the sealed samples (see 
Sec. 2B.2.2). In the event that the re- 
sults obtained by the consignor, on re- 
testing, do not agree with the results 
obtained by the consignee, the other 
sealed sample shall be forwarded, un- 
opened, for analysis, to a laboratory 
agreed upon by both parties. The re- 
sults obtained by the referee shall be 
accepted as final and the cost of the 
referee analysis shall be paid by the 
party whose results show the greatest 
discrepancy from the referee analysis. 

6A.2. On the basis of the retest or 
the referee test, the consignor may re- 
move the material from the premises 
of the consignee or a price adjustment 
may be agreed upon by the consignor 
and consignee. 


Sec. TA—Size 


7A.1. Lime sizes are established to 
meet the requirements of various types 
of equipment, but purchasers may set 
size requirements to meet their own 
specific conditions if agreed to by the 
manufacturer. 

7A.2. If the quicklime is to be fed 
by a dry-feed machine, it shall be 
crushed and screened so that none shall 
be retained on a }-in. sieve. 

7A.3. If the quicklime is to be 
handled by pneumatic conveying equip- 
ment, it shall be crushed and screened 
so that none shall be retained on a 1-in. 
sieve and not more than 10 per cent 
shall pass a }-in. sieve. 

7A4. If the quicklime is to be 
handled by mechanical conveying 
equipment, the pieces shall be no larger 
than 2 in. in size, except that an oc- 
casional slablike piece may be up to 3 
in. in length. Not more than 20 per 
cent shall pass a }-in. sieve and not 
more than 10 per cent shall pass a }-in. 
sieve. 


HYDRATED LIME 93 

7A.5. Hydrated lime shall be white, 
dry, finely powdered, and free from 
lumps and any foreign material which 
may interfere with the operation of 
dry-feed equipment. Uniformity of 
particle size is a desirable character- 
istic. 


Sec. 8A—Bases for Purchase of Lime 
8A.1-—Quicklime: 


8A.1.1. The purchase of quicklime 
shall be based upon an 8&8 per cent avail- 
able calcium oxide content in the ma- 
terial furnished, with a scale of bonuses 
for a lime of available calcium oxide 
content above this percentage and a 
scale of penalties for a lime of available 
calcium oxide content below this per- 
centage. The quicklime shall be of a 
quality known as “quick-slaking,” shall 
slake satisfactorily, readily disintegrat- 
ing into a suspension of finely divided 
material without the production of ob- 
jectionable amounts of undissolved or 
unslaked material in the slaker, and in 
its purchase a scale of penalties and 
bonuses based upon the slaking test, 
procedure for which is given in Sec. 
7C, shall also be applied. 

8A.1.2. The bonuses and penalties 
based on available calcium oxide con- 
tent shall be as follows: 


(a) A bonus of 2 per cent for each 
1 per cent, or fraction thereof, of avail- 
able calcium oxide content greater than 
88.0 per cent (from 88.0 per cent up- 
ward ). 

(b) A penalty of 1.5 per cent for 
each 1 per cent, or fraction thereof, de- 
ficiency of available calcium oxide con- 
tent from 88.0 per cent down to and 
including 80.0 per cent available cal- 
cium oxide. 

(c) A penalty of 2 per cent for each 
1 per cent, or fraction thereof, defi- 
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ciency of available calcium oxide con- 
tent from 80.0 per cent down to and in- 
cluding 75.0 per cent available calcium 
oxide content. 

(d) The basis for rejection shall 
he an available calcium oxide content 
of less than 75.0 per cent. 


8A.1.3. The bonuses and penalties 
based upon the slaking test (Sec. 7C) 
shall be as follows: 


(a) A bonus of 1 cent per ton shall 
be paid by the consignee for each 2°C 
that the temperature rise produced by 
the lime exceeds the 40°C rise specified 
in the slaking test. 

(b) A penalty of 1 cent per ton shall 
be exacted from the consignor for each 
2°C that the temperature rise produced 
by the lime is less than the 40°C rise 
specified in the slaking test. This pen- 
alty ratio shall continue down to the 
point of rejection. 

(c) The basis for rejection is the 
failure of the lime to produce more than 
a 10°C rise upon slaking in accordance 
with the slaking test. 


8A.2. Hydrated lime. The pur- 
chase of hydrated lime shall be based 
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upon a 66 per cent available calcium 
oxide content with a scale of bonuses 
for a lime of available calcium oxide 
content above this percentage and with 
a penalty scale for a lime of available 
calcium oxide content below this per- 
centage. The bonus and penalty scales 
shall be as follows: 

(a) A bonus of 1.5 per cent for each 
1 per cent, or fraction thereof, of avail- 
able calcium oxide content from 66.0 
per cent upward. 

(b) A penalty of 1.5 per cent for 
each 1 per cent, or fraction thereof, de- 
ficiency of available calcium oxide con- 
tent from 66.0 per cent down to and 
including 62.0 per cent. 

(c) The basis for rejection shall be 
an available calcium oxide content of 
less than 62.0 per cent. 


Nore: Purchasers may set up different 
bonuses and penalties to meet their own 
specific conditions if agreed to by the 
manufacturer. 


8A.3. If the material warrants re- 
jection, the manufacturer may remove 
the material or the material may be ac- 
cepted by the purchaser at a mutually 
agreeable price. 


Part B—Sampling, Inspection, Packing, and Marking 


Sec. 1B—Scope 


These procedures for the sampling, 
inspection, packing, weighing, and 
marking of quicklime and hydrated lime 
are intended for use with Part A (Ma- 
terial Specifications) and Part C 
(Testing Methods) of this document. 


Sec. 2B—Sampling 


2B.1. Taking Samples. Samples 
shall be taken expeditiously at the point 
of destination to minimize contact with 
air. 


2B.1.1. If the material is handled 
by conveyor or elevator, a mechanical 
sampling arrangement may be used. 
Care must be taken to adjust the loca- 
tion and timing of sampling to secure 
a representative sample. 

2B.1.2.. With packaged material in 
cars or trucks, at least 2 per cent and 
no less than five of the packages shall 
be sampled. Individual packages shall 
be taken from various parts of the unit 
being sampled. No sample shall be 
taken from a broken package. The size 
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of the gross sample shall conform to 
the requirements of Sec. 2B.1.4. and 
2B.1.5. 

2B.1.3. On powdered packaged ma- 
terial, a sampling tube, such as a grain 
sampling tube, which takes a core not 
less than } in. in diameter, shall be used. 
The tube shall be inserted into the pack- 
age being sampled so that it will take 
a core of the material from substantially 
the entire length of the package. 

2B.1.4. In sampling lump material 
or finely divided material in bulk, a 
minimum sample of 50 Ib shall be taken 
for each 30 tons of material. 

2B.1.4.1. In sampling lump material 
in cars in bulk, sampling points must 
be selected uniformly over the surface 
of the bulk material. A minimum of 
ten points at regular intervals shall be 
selected. 

2B.1.4.2. convenient sampling 
system utilizes two elevations—such as: 
[1] 2 ft down from the top of the car; 


and [2] 2 ft up from the bottom of the 
car—and five points on each elevation 
—such as points approximately 3 ft in 


from each corner toward the center of 
the car and a point at the center of the 
car. 

2B.1.4.3. Finely divided bulk ma- 
terial may be sampled by the use of a 
sampling tube, such as a grain sampling 
tube, which takes a core at least 1 in. 
in diameter. (Sampling tubes for this 
purpose can be obtained from labora- 
tory supply houses.) A tube 5 ft long 
should be satisfactory. Cores shall be 
taken from at least ten separate parts 
of the mass in order to secure a repre- 
sentative sample. 

2B.1.5. Sampling from truck bulk 
shipments can be done by retaining a 
shovelful from each truck loading 5 
tons of lime or less, and two shovelfuls 
from two different points of trucks 
loading more than 5 tons. The sam- 
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ples thus collected shall be stored in an 
airtight container and a composite can 
be made of a day’s shipment. The 
gross sample shall be thoroughly mixed 
and 16 lb of the material quartered to 
obtain the four sealed samples required 
by Sec. 2B.2 and the sample for the 
laboratory required by Sec. 2C.2. 

2B.1.6. For small plants, if the de- 
livery is in the range of 25-50 tons per 
week, a composite should be made of a 
week’s samplings and retained in an 
airtight container. The test sample 
should be worked up from the con- 
tainer. If delivery is less than 25 tons 
per week, however, a sufficient sample 
—16 lb—should be obtained from each 
shipment to run an analysis. 

2B.2. Handling Samples. Samples 
shall be selected and stored for analysis 
as follows: 

2B.2.1. From the 50 to 70 Ib of 
gross sample, approximately 16 Ib, rep- 
resentative of the gross sample, shall 
be quartered. The remainder of the 
gross sample may be discarded. 

28.2.2. Four 1-lb samples shall be 
sealed in airtight, moistureproof glass 
containers. The samples shall be re- 
tained for 30 days after receipt of a 
shipment. One sample is for the im- 
mediate use of the consignee for his 
test of the shipment. The second and 
third samples are for the use of the 
consignor and referee laboratory if 
there is a controversy over the analysis. 
The fourth sample is for the use of the 
consignee as a check of the consignor’s 
and referee’s laboratory analysis. Each 
sample shall be labeled to identify it by 
such information as the name of the 
consignor, car number, and date re- 
ceived. Each label shall be signed by 
the sampler. 


Note: Pint mason jars with adequate 
seals are satisfactory for storing samples. 


¢ 
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Sec. 3B—Packing and Shipping 


3B.1. Quicklime, either pebble, 
ground, or lump, may be shipped in 
bulk in freight cars or trucks, or in 
multiwall paper bags of 80-, 90-, or 
100-Ib net weight. The consignors 
shall protect themselves by an agree- 
ment, entered as a clause in their con- 
tract, with the carriers to secure their 
shipment intact. 

3B.2. Pulverized lime may be 
shipped in bulk in cars or in 50-Ib (net 
weight) multiwall paper bags. 

3B.3. Hydrated lime may be 
shipped in bulk in cars or in 50-Ib 
(net weight) multiwall paper bags. 

3B.4. The net weight of packages 
shall not deviate from the recorded 
weight by more than 1.5 per cent, plus 
or minus. If exception is taken to the 
weight of the material received, the 


weight shall be based on a certified unit 
weight of not Jess than 10 per cent of 
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the packages shipped and selected at 
random from the entire shipment. 
3B.5. If equipment is available, the 
weight of bulk shipments should be 
checked. Payment should be made 
only for the weight of material received. 
To avoid any misunderstanding, an 
agreement to this effect should be made 
between the consignor and the con- 
signee at the time the contract is let. 


Sec. 4B—Marking 


Each shipment of material shall carry 
with it some means of identification. 
Each package shall have marked legibly 
on it the weight of the contents, the 
name of the manufacturer, and a brand 
name, if any. The package may bear 
also the statement “Guaranteed by 
(name of manufacturer) to meet the 
specifications of the American Water 
Works Association for (quicklime or 
hydrated lime).” 


Part C—Testing Methods 


Sec. 1C—Scope 


These methods for the examination 
of quicklime and hydrated lime are in- 
tended for use with Part A (Material 
Specifications) and Part B (Sampling. 
Inspection, Packing, and Marking) of 
this document. 


Sec. 2C—Preparing Samples for 

Analysis 

2C.1. Sampling shall be conducted 
in accordance with Part B (Sampling, 
Inspection, Packing, and Marking) of 
this document. 

2C.2. The sample of quicklime for 
the laboratory shall be prepared from 
the remainder of the gross sample af- 
ter the four 1-lb sealed samples have 


been set aside as described in Sec. 2B. 
The following procedure shall be used. 

2C.2.1. Crush at least 0.5 Ib to 4-in. 
size using a mechanical crusher or, if 
none is available, a mortar and pestle. 

2C.2.2. Pulverize mechanically suf- 
ficient |-in. sample to obtain 50 g of 
uniform sample that will pass a 100- 
mesh sieve. If mechanical equipment 
is not available, a mortar and pestle 
may be used. 

2C.2.3. Store the pulverized sample 
in an airtight container. 


Note: A 2-0z wide-mouthed bottle, 
similar to that used for bacteriological 
samples of water, is cofivenient, prefer- 
ably if it is rubber stoppered. Corks are 
porous and ground-glass stoppers usually 
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stray away from their original bottles and, 
therefore, do not fit properly in the 
bottles with which they are used. 


2C.2.4. Weigh each sample from 
the sample bottle rapidly to avoid ex- 
cessive contact with air. 

2C.5. Laboratory examination of 
the sample shall be completed within 
ten working days after receipt of the 
shipment. 

2C.4. Samples shall be stored at 
least 30 days from the date of receipt of 
shipment before they are discarded. 


Sec. 3C—Available Calcium Oxide 
Content 


Available calcium oxide content in 
quicklime or hydrated lime is that con- 
stituent which enters into the reaction 
under the conditions of the specified 
method or process. A number of modi- 
fications in test procedures have been 
suggested and used by different work- 
ers. In the following description of 
these procedures, the lime sample speci- 
fied is always that which passes a 100- 
mesh sieve, and the temperature at ti- 
tration is always room temperature, 
20°-25°C, unless otherwise specified. 


3C.1—Sugar Method 
3C.1.1—Reagents: 

(a) O.1N sulfuric acid. 

(b) Carbon dioxide-free distilled 
water. 

(c) Freshly prepared 10 per cent 
cane sugar solution in carbon dioxide— 
free distilled water (cane sugar is 
specified because lime is used in the 
production of beet sugar and the re- 
sidual lime might affect the sugar test 
as a result of the ratio of sugar used 
to the quantity of sample used for 
analysis ). 

(d) Phenolphthalein indicator. 
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3C.1.2—Procedure: 


3C.1.2.1. Weigh 0.5 g of sample 
rapidly and brush into a 250-ml Flor- 
ence flask with the aid of a camel’s-hair 
brush. Be sure to brush the funnel 
and stem thoroughly. Stopper tightly 
with a rubber stopper. A number of 
samples can be weighed successively in 
this manner. A short-stemmed funnel 
of about 50-ml capacity can be used to 
transfer the sample to the flask. 

3C.1.2.2. Treat the sample with 100 
ml of sugar solution by introducing 
20-25 ml and dispersing it as much as 
possible with a light, twirling motion of 
the flask, and then pouring in the re- 
mainder rapidly. A volumetric flask 
certified to deliver 100 ml shall be used 
for the sugar solution. 

3C.1.2.3. Stopper tightly and shake 
on a Camp rotary shaker (available at 
laboratory supply houses) for 1 hour, 
or shake occasionally by hand over a 
period of 2 hours. If the sample is to 
be shaken by hand, it is advisable to 
weigh 10 g of sugar, transfer it to the 
250-ml Florence flask, transfer the 
0.5-g lime sample, and mix the two dry ; 
then add 95 ml of carbon dioxide—-free 
distilled water, mix occasionally for 2 
hours, and proceed with 3C.1.2.4. 

3C.1.2.4. Allow to stand not less 
than 20 min, to settle most of the in- 
solubles in order to aid rapid filtration. 

3C.1.2.5. Filter through a dry No. 
12 Whatman (or equivalent) folded 
filter paper. Do not expose the sam- 
ple during filtration to an atmosphere 
abnormally high in carbon dioxide. 

3C.1.2.6. Titrate 25 ml of the fil- 
trate with 0.1N sulfuric acid using 
phenolphthalein indicator until the pink 
color is just discharged. 


3C.1.3.—Calculation: 
Titration (ml) x 2.244 


= available calcium oxide (per cent } 
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3C.2—Modified Scaife Method 
3C.2.1.—Reagents: 


(a) 1N and 0.1N hydrochloric acid. 

(b) Phenolphthalein indicator. 

(c) Carbon dioxide-free distilled 
water. 


3C.2.2—Procedure: 

3C.2.2.1. Place 1.4 g of lime sample 
in a 400-ml beaker and cover with 200 
ml of hot distilled water. Cover with 
watch glass. 

3C.2.2.2. 
for 3 min. 

3C.2.2.3. Cool, wash down cover, 
then titrate with 1N hydrochloric acid 
using 2 drops of phenolphthalein in- 
dicator. 

3C.2.2.4._ As the colorless flash end- 
point appears, retard the rate of addi- 
tion of acid, then titrate until the pink 
color disappears for 2 sec. 

3C.2.2.5. Place 1.4 g of lime sam- 
ple in a 1-liter volumetric flask with a 
one-hole rubber stopper fitted with a 
short glass tube drawn to a point. 

3C.2.2.6. Treat the sample with 
200 ml of hot distilled water, heat care- 
fully, and boil for 3 min. 

3C.2.2.7._ Cool, and place fifteen 4- 
mm clean glass beads in the flask and 
rotate until the sample is disintegrated. 

3C.2.2.8. Add dropwise, with vig- 
orous swirling, 5 ml less hydrochloric 
acid (1.\) than the amount used under 
3C.2.2.4. Call the number of milli- 
liters of added acid, A. 

3C.2.2.9. Dilute to the mark with 
carbon dioxide-free distilled water, 
and stopper with a solid stopper. 

3C.2.2.10. Mix thoroughly for 5 
min and allow to settle for 1 hour. 

3C.2.2.11. Pipet 200 ml into a 500- 
ml Erlenmeyer flask, add _phenol- 
phthalein indicator, and titrate slowly 


Heat carefully, then boil 
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with 0.1N hydrochloric acid. Call the 
additional quantity, in milliliters, B. 
3C.2.3—Calculation: 


Available calcium oxide (per cent) 
=2A+B 


3C.3—Ellms’ Method 
3C.3.1—Reagents: 


(a) ON sulfuric acid. 

(b) Phenolphthalein indicator. 

(c) Carbon dioxide-—free distilled 
water. 

(d) Cooper’s indicator. 


3C.3.2—Procedure: 

3C.3.2.1. Weigh 0.5 g of lime sam- 
ple into a 500-ml volumetric flask. 

3C.3.2.2. Treat with 25 ml carbon 
dioxide—free distilled water and shake 
flask with a twirling motion to dis- 
perse sample. 

3C.3.2.3. Treat with enough boil- 
ing distilled water to fill flask above the 
mark. 

3C.3.2.4. Stopper with a rubber 
stopper and cool to room temperature 
in a water bath. 

3C.3.2.5. Refill to mark with car- 
bon dioxide-free distilled water. 

3C.3.2.6. Shake on a machine, end 
over end, for 4 hour or by hand, end 
over end, intermittently for 1 hour. 

3C.3.2.7. Allow to stand at room 
temperature for 48 hours. 

3C.3.2.8. Titrate 50 ml of super- 
natant with 0.1N sulfuric acid, using 
phenolphthalein indicator. Call the 
number of milliliters of added acid, A. 
Add mixed bromcresol green—methy] 
red (Cooper’s indicator) and complete 
the titration. Call the total number of 
milliliters of acid used, including those 
in the phenolphthalein titration, B. 


3C.3.3—Calculation: 


Available calcium oxide (per cent) 
=A-—561(B—-—A) 
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3C.4—Janzig Method 
3C.4.1—Reagents: 
(a) O.1N sulfuric acid. 
(b) Phenolphthalein indicator. 
(c) Carbon dioxide—free water. 
(d) Cane sugar. 


3C.4.2—Procedure: 

3C.4.2.1. Place 20 g of cane sugar 
in a 200-ml volumetric flask, preferably 
one with a wide neck, such as is used 
in the phosphate determination of fer- 
tilizers. 

3C.4.2.2. Add 0.2 g of lime sample 
on top of the sugar, stopper, and mix 
sugar and lime intimately in the dry 
state. 

3C.4.2.3. Make up to 200 ml with 
carbon dioxide—free distilled water. 

3C.4.2.4.. Shake on a machine, end 
over end, for $ hour or by hand, end 
over end, for 1 hour. 

3C.4.2.5. Allow to stand for 20 min 
to settle insolubles. 

3C.4.2.6. Filter through a dry No. 
12 Whatman (or equivalent) folded 
filter paper. 

3C.4.2.7. Titrate 50 ml with 0.1.N 
sulfuric acid using phenolphthalein as 
indicator. 

3C.4.3—Calculation : 


Titration x 5.61 
= available calcium oxide (per cent ) 


3C.5—Graf’s Method 
3C.5.1—Reagents: 


(a) O.1N hydrochloric acid. 

(b) Phenolphthalein indicator. 

(c) Carbon dioxide-free distilled 
water. 

(d) Cane sugar. 

3C.5.2—Procedure: 

3C.5.2.1. Make up 500 ml of a cane 
sugar solution containing 160 g of 
sugar in a 1-liter flask. 


HYDRATED LIME 99 

3C.5.2.2. Transfer 7 g of lime sam- 
ple to the 1-liter flask containing the 
sugar solution. 

3C.5.2.3. Shake on a Camp rotary 
shaker for 1 hour. 

3C.5.2.4. Make up to 1 liter with 
carbon dioxide—free distilled water and 
shake by hand. 

3C.5.2.5. Allow to stand overnight. 

3C.5.2.6.  Titrate 20 ml of the su- 
pernatant with 0.1N hydrochloric acid, 
using phenolphthalein indicator until 
the color is just discharged. 

3C.5.3—Calculation : 


Titration X 2 
= available calcium oxide (per cent ) 


Note: ASTM method C25 may be 
used for analyzing the lime if the pur- 
chaser and the manufacturer agree that 
this method is satisfactory for evaluating 
the material supplied. 


Sec. 4C—Standardization of Normal 
Acid Solutions 


The following are methods for stand- 
ardizing normal acid solutions referred 
to in these specifications. 
4C.1—Standardization O.IN Sul- 
furic Acid 


4C.1.1. It is advisable to check nor- 
mal acid solutions by two different 
methods. Two methods suggested are 
those described below in Sec. 4C.1.2 
and 4C.1.3. 

4C.1.2—U sing sodium carbonate: 

4C.1.2.1. Heat 10-15 g of ep so- 
dium carbonate in a porcelain or plati- 
num crucible or dish, at 250°C for 2 
hours, to remove the volatile matter ; 
then cool in a desiccator. A muffle 
furnace may be found convenient for 
the heating. 

4C.1.2.2. 


of 


Weigh 5.300 g of the so- 
dium carbonate, transfer to a 1-liter 
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volumetric flask, and make up to the 
mark with distilled water. This is a 
0.1N solution. 


Note: The remainder of the sodium 
carbonate can be returned to the reagent 
bottle. 


4C.1.2.3. Make up the 0.1N sul- 
furic acid with 2.6 ml of concentrated 
sulfuric acid in a 1-liter volumetric 
flask and mix thoroughly. 

4C.1.2.4. Titrate the 0.1N acid 
against 25 ml of the 0.1N sodium car- 
bonate solution using mixed brom- 
cresol green—methyl red (Cooper’s) in- 
dicator. 

4C.1.2.5. Calculate the factor of the 
acid solution as follows: 


. _ sodium carbonate solution (ml) 


acid used in titration (ml) — 


Then dilute with the proper amount of 
distilled water to bring the solution 
exactly to O.1N. 

4C.1.3—By precipitation with bar- 
ium chloride: 

4C.1.3.1. Using the acid made up 
in 4C.1.2.3, measure out 10 ml from a 
buret into each of two 250-ml beakers. 

4C.1.3.2. Dilute to approximately 
100 ml with hot water and heat to 
boiling. Boil until the volume is ap- 
proximately 25 or 35 ml. 

4C.1.3.3. Treat with 5 ml of 10 per 
cent barium chloride solution, drop by 
drop, and continue boiling gently (this 
serves as agitation in lieu of stirring) 
for 5 min. 

4C.1.3.4. Allow the precipitate to 
settle for at least 1 hour in a warm 
place, such as the low heat of a hot- 
plate or on the partitions of a steam 
bath. This digestion accelerates the 
increase in size of the particles so that 
the precipitate can be filtered the same 
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day instead of standing overnight at 
room temperature. 

4C.1.3.5. Filter through a No. 42 
Whatman (or equivalent) filter paper 
and wash with hot distilled water until 
free from chloride. 

4C.1.3.6. Char the filter paper 
without flaming and ignite slowly until 
all the black specks of paper have been 
burned off. Then finish igniting by 
heating for at least 5 min at the full 
heat of a bunsen burner, or at 600°- 
700°C otherwise. 

4C.1.3.7.. Weigh and calculate the 
factor from the theoretical amount of 
barium sulfate that should be precipi- 
tated from 10 ml of 0.1N acid. The 
10 ml of 0.1N sulfuric acid should give 
a precipitate of 0.1167 g of barium 
sulfate. 

4C.1.4. The two factors—that ob- 
tained by standardization against so- 
dium carbonate and that obtained by 
standardization against a_ precipitate 
of barium sulfate—should check within 
plus or minus 0.005. 


4C.2—Standardization of IN Hydro- 
chloric Acid Using Sodium Car- 
bonate 


4C.2.1. Dry the sodium carbonate 
as directed in Sec. 4C.1.2.1. 

4C.2.2. Weigh 1.060 g of the so- 
dium carbonate and transfer to a 200- 
ml pyrex Erlenmeyer flask to which 
80 ml of carbon dioxide-free distilled 
water has been added. 

4C.2.3. Make up the 1N_ hydro- 
chloric acid with 37.5 ml concentrated 
hydrochloric acid in a certified 1-liter 
volumetric flask and mix thoroughly. 

4C.2.4. Titrate the sodium carbo- 
nate solution (4C.2.2) using Cooper’s 
indicator. 

4C.2.5. Repeat the procedure in 
4C.2.2 and 4C.2.4 two times. The re- 
sults of the three titrations should not 
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vary more than 0.1 ml, and the average 
of the three should be taken as the cor- 
rect result. 

4C.2.6. The acid has a normality of 
1 when 20 ml of the acid is required 
in the titration. It will generally be 
found that less than 20 ml of the acid 
is required. Distilled water will have 
to be added to bring the solution to 
exact normality (between 1.005 and 
0.995). After the acid has been ad- 
justed to the exact normality it should 
be rechecked. 


4C.3—Standardization of 0.1N Hydro- 
chloric Acid Using Sodium Car- 
honate 


4C.3.1. Dry the sodium carbonate 
as directed in 4C.1.2.1. 

4C.3.2. Weigh 5.300 g of sodium 
carbonate and transfer to a certified 
1-liter volumetric flask, making up to 
the mark with distilled water. This is 
a 0.1N solution. 

4C.3.3. Make up the 0.1N hydro- 
chloric acid with 8.3 ml concentrated 
hydrochloric acid in a certified 1-liter 
volumetric flask and mix thoroughly. 

4C.3.4. Titrate the acid 
against 25 ml of the 0.1N sodium 
carbonate solution using Cooper’s 
indicator. 

4C.3.5. Repeat procedure 4C.3.4 
two times. The results of the three 
titrations should not vary more than 
0.1 ml, and the average of the three 
titrations should be taken as the cor- 
rect result. 

4C.3.6. The acid has a normality of 
0.1 when 25 ml are required in the titra- 
tion. It will generally be found that 
less than 25 ml of the acid are required. 
Distilled water will have to be added 
to bring the solution to exact normality 
(between 0.1005 and 0.0995). After 
the acid has been adjusted to the exact 
normality it should be rechecked. 
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Sec. 5C—Indicators 


5C.1. Phenolphthalein. Dissolve 5 
g of cp phenolphthalein in 200 ml of 
warm isopropyl alcohol that has been 
neutralized to the phenolphthalein end- 
point with 0.1N sodium hydroxide 
solution. Dilute to 1-liter with neu- 
tralized isopropyl alcohol. 

5C.2. Cooper's indicator. Weigh 
1 g of dry bromcresol green indicator 
on the balance watch glass, then weigh 
0.2 g of dry methyl red indicator on 
top of this (or they can be weighed 
separately if desired) and dissolve in 
warm methanol. Make up to 1 liter 
with methanol. 


Note: This indicator changes color at 
pH 4.54.6, or at approximately the same 
pH (444.5) at which methyl orange 
changes. If a titration is made carefully, 
a colorless endpoint, beyond which an- 
other drop or two will produce a faint 
pink color, will be obtained. The color 
of the concentrated indicator is reddish- 
orange. At the beginning of the titration 
the color is medium blue. 


Sec. 6C—Carbon Dioxide-free Dis- 
tilled Water 


Boil distilled water in a flask, then 
stopper with a one-hole rubber stopper 
provided with an absorption tube filled 
with a granular mixture of sodium or 
potassium hydroxide and calcium hy- 
droxide to absorb carbon dioxide from 
the air which will be drawn into the 
flask as the water cools. Cool in a wa 
ter bath to room temperature. Keep 
the absorption tube in place as long as 
the water is to be used. 


Sec. 70—Slaking Test 


Transfer 100 g of the gross sample 
retained in Sec. 2C to a porcelain cas- 
serole of 600-800-ml capacity (meas- 
uring 54-in. in diameter and 3 in. in 
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depth) which contains 400 ml of dis- 
tilled water at 25°C. A two-platform 
balance, with a sensitivity of 1 g, can 
be used to weigh the sample for this 
test. The sample can then be trans- 
ferred from the balance pan to a piece 
of paper, then to the casserole. The 
sample is added to the water slowly 
with one hand while stirring slowly 
with a centigrade thermometer in the 
other hand. A stop watch is started 
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after all the sample is added, and the 
temperature of the slaked lime solu- 
tion is noted at the end of 3 min stir- 
ring as described previously. This 
temperature minus the 25°C starting 
temperature is the temperature rise 
upon slaking. It is well to mark at 
least the 25° and 65°C calibrations on 
the thermometer with a china-marking 
pencil in order to facilitate the reading 
of the final temperature. 


Correction 


In the article “Increasing Water Resources Through Weather Modification” 
by Irving P. Krick, which appeared in the November 1952 JouRNAL, the cap- 


tion for Fig. 14 on page 1019 referred to Des Moines, lowa. 


tion is Des Moines, New Mexico. 


The correct loca- 
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A Happy New Year brings what 
we hope you will agree is a happy new 
look to the JoURNAL and to P&R.  Res- 
olution behind all the moving and man- 
euvering was to increase not only the 
proportion, but the actual number, of 
pages devoted to technical papers while 
limiting increase in expenditures to the 
10 per cent attributable to price in- 
creases and circulation growth. Trans- 
fer of some ads to the front of the 


Journal, double-columning of all the 
P&R material, and postponement of 
the membership change listings until 
the new annual issues of the Directory, 


are the basic economies which will 
make this possible. But, as usual, 
there’s more to this than greets the eye 
—more cooperation, that is, by all ad- 
vertisers in general and by Lock Joint 
Pipe Co. and Industrial Chemical Sales 
Div. in particular. 

With a larger front section, it be- 
came necessary to move the Contents 
page to a readily findable position 
page 1. And to make that possible, 
Lock Joint yielded its position of the 
past 21 years to set up shop on page 3, 
where it begins this, its 28th, year as 
first advertiser in the Journal. Mean- 
while, Industrial Chemical Sales, which 
had kept company with the Contents 
since way back in 1939 was cooperative 


enough to move across the tracks and 
take up residence as first ad in P&R, 
where they'll be found beginning now. 

And so it grows—with the Associa- 
tion, with its advertisers, with its read 
ers, and with its contributors. 


A date with May is even better 
than it sounds—and you've got one for 
the next four years at least. May is 
the month, of course-—the month of 
AWWA’s annual conferences—and so 
that you won’t double-date her, you 
ought to calendar these weeks right 
now : 


1953 
1954 
1955 
1956 


May 10-15 
May 23-28 
May 1-6 
May 6-11 


Grand Rapids, Mich. 
Seattle, Wash. 
Atlantic City, N.J. 
St. Louis, Mo. 


“From ours to mine” isn’t the tale 
of an excommunist at all, just the story 
of a group of Westville, IIl., sportsmen 
who appreciated the value of water as 
a recreational facility. The “ours” was 
not only $45,000, but a great deal of 
time and effort that the sportsmen put 
into the creation of a 28-acre artificial 
lake. The “mine” was an abandoned 
one on the lake site. And the pains 
came when the open shaft of the mine 
made like a drain. Tennis, anyone? 


(Continued on page 34) 
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Respectability is the word for rain- 
making these days, and what an un- 
happy word it is—dull, disinteresting, 
distasteful! Respectability it is that 
has delivered our cloud busters into the 
hands of AWWA Task Group E2.A, 
that has enticed them away from P&R 
with a mere lion’s share of the text 
section of the November 1952 JourNAL 
(pp. 996-1020), 35 puny pages in the 
Proceedings of the UN scientific con- 
ference, 19 in the November General 
Electric Review, a feature story in the 
Wall Street Journal, and an editorial 
in the Old Farmer’s Almanac. Re- 
spectability it is that is turning their 
heads with not just credit, but blessings, 
for averting catastrophes in the to- 
bacco lands of Connecticut and the oil 
lands of Texas in quick succession. 
Respectability it is that has permitted 
them to extend their wonder working 
around the world. And respectability 
it is that is driving us into the camp 
of their competitors. 

A little less respectable, we like to 
think, was the man who pioneered 
cloud seeding more than a hundred 
years ago in driest Africa. This was 
Dr. Sechele, acknowledged top medi- 
cine man of his continent and friend of 
David (the presumed) Livingstone. It 
was Sechele who really devised the 
present ground seeding technique in 
generating his nuclei in a fire to the 
windward of the cloud to be coaxed, 
and letting them go up in smoke. As 
a matter of fact, the only real differ- 
ence between Dr. Sechele’s 1850 tech- 
nique and that of General Electric's 
Dr. Vonnegut today is that the latter 
has substituted silver iodide for Sech- 
ele’s concoction of “charcoal derived 
from burned bats, deposits of the moun- 
tain cony (Hyrax capensis), jackals’ 
livers, baboons’ and lions’ hearts, and 
serpents’ skins and vertebrae, together 
with every kind of tuber, bulb, root, 


and plant to be found in the country.” 
Can you even question which we find 
the tastier ? 

Actually, though, we need go back 
no further than last fall and away no 
further than Anadarko, Okla., to elude 
respectability. Then and there it was 
that Chief Juan Gachupin of the Jemez 
Apache Indians induced a cloudburst 
with the dust of his rain dance. Again, 
what the Gachupin method lacked in 
respectability it more than made up in 
antiquity, and what more could anyone 
ask than a cloudburst from a clear sky? 

It'll be a sad day when P&R is mis- 
taken for Propriety & Respectability. 


It’s the rampancy oi respectability, 
though, that really has us worried. If 
it were just rainmaking, we could for- 
give and forgo, but that appears to be 
only the beginning. Just last month 
we were accused of scoffery unbecom- 
ing a scientific methodist in our attitude 
toward what we persist in regarding as 
the newest wrinkle in dowsing—the 
welding rod pipe pointers. And now 
that a_ full-fledged, college-faculty- 
staffed research project is under way, 
we hasten to hold our fire until the 
final reckoning. Meanwhile, it will 
perhaps help speed the reckoning if 
the rodicals among us request from 
Mr. C. W. Haffenreffer, Radiesthetic 
Locator Research Laboratory, Elm- 
wood Station, Providence, R.1., a copy 
of the questionnaire he is distributing 
to those who wish to record their ex- 
periences with the rods. 

While the rods are presumably tee- 
tering on the balance of respectability, 
then, we must seek refuge again in the 
so far unchallenged disrespectability of 
the quasi-electronic divining rod in- 
vented by V. A. Clarkson of Raleigh, 
Miss., as a device to point out the 
hidden hoards of gold and valuables 
buried by Southerners during the Civil 


(Continued on page 36) 
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water purification 


naus | HOSE of us who have played 


, : CHEMICAL SALES football know the futility of trying 
to carry the ball for a gain without 
pulp and paper company and team work up ahead. 


And probably many of you water 


NEW YORK CENTRAL 
BLDG. plant managers have had your moments of frustration when 
230 an as tackling a tough taste and odor problem all by yourself. 
a That’s just where the Aqua Nuchar Technical Service team 
PURE OlL BLDG. comes to your rescue. They are available without obliga- 
35 E. WACKER DRIVE 
CHICAGO 1. ILLINOIS tion to help you with any current problems and to make a 
thorough threshold odor survey of your plant. Such a test 
BROAD & CHESTNUT will usually determine the right combination that will give 
you optimum taste and odor control. The two components 
that combine to give maximum efficiency and economy in 
water purification are: (1) the most advantageous spot in 
your plant to apply the carbon, and (2) the minimum 
amount of Aqua Nuchar that will give maximum taste and 
odor removal. 


P&R 35 
a: 


PERCOLATION AND RUNOFF 


Vol. 45, No.1 


(Continued from page 34) 


‘AMERICAN 
WATER WORKS 
ASSOCIATION 


War. What deprives the Clarkson 
goldmaster of respectability, actually, 
is the fact that, although there are ap- 
proximately 150 in use in Mississippi 
today, Clarkson claims “they are wild- 
catters . . . mine is the only accurate 
machine I know of.” That, and per- 


haps the fact that even in his one suc- 
cess so far, the $60,000 unearthed was 
stolen from him before he had a chance 


to show it to anyone. Water works 
men, of course, have billions of dollars 
hidden underground. 


Water’s powers, so often extolled 
in these columns, have just about over- 
earned our admiration. Scene of the 
latest miracle is a 20,000-acre plot in 
Cumberland and Salem Counties, N.J., 
on which Seabrook Farms have located 
the nation’s largest combined truck 
farm and frozen food factory. Miracle 
on the scene is a junior-size jungle 
created merely by taking a scrub oak 
lot and adding water. Of course, the 
water added up to an equivalent of 
1,200 in. rainfall per year, this amount 
in waste process water being sprayed 
upon the woodland floor in quantities 
up to 12 mgd to give New Jersey not 
only the wettest spot on earth but per- 
haps its densest jungle. 


At the bottom of the upjunglement 
was a serious waste water disposal 
problem on which the Seabrook organi- 
zation was about to spend a million dol- 
lars when Johns Hopkins Univ. clima- 
tologists stationed at the farm suggested 
spraying the water back on the land. 
When an open clover field just couldn't 
take it, the sprays were set up in a 
small wooded area, which seemed to 
soak up any amount of water as fast as 
it fell—as much as the equivalent of 
50 in. of rain in a 10-hour period. 

“Today,”’ reports the National Geo- 
graphic Society, “it is as if the woods 
cannot grow fast enough. Seeds ger- 
minate that would otherwise have been 
dormant. Small shrubs and vines twist 
together into a solid mat of greenery. 
Through the jungle woods run far 
larger than normal numbers of small 
animals such as wood mice. . . . The 
U.S. Geological Survey is interested in 
the effects of the spraying on ground 
water levels in the surrounding area. 
Seabrook Farms is trying to unravel 
the secret of why the woods will soak 
up so much water while open fields of 
the same soil will not. What had farm- 
ing done to the soil? Can field crops 
be improved with tremendous doses of 
water?” 

In our infinite faith in water’s pow- 
ers, we're willing to predict that more 
water will grow more peas, potatoes, 
beets, and, even spinach, as well as 
more woods to hold back more flood 
waters. Not just “Just Add Water” 
any more, but “Pour me a jungle!” 


Correction please! Hood, as in 
hell, not Wood, as in well, is the name 
of the vice president (initials, C. K.) 
of Worthington Corp., who was listed 
as Associate Member representative on 
P&R p. 36 of the November issue. 


(Continued on page 38) 
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CRANE 
your best valve buy 


For Reasons of Service 
and Low Ultimate Cost 


Get acquainted with the merits of these 
Crane A.W.W.A. Gate Valves. They 
not only comply 100% with, but ex- 
ceed the requirements of the A.W.W.A. 
specifications. You can count on them 
for smooth, positive flow control under 
all operating conditions, and long serv- 
ice life with minimum maintenance. 


AWWA 


Cross-section 
non-rising 
stem, hub 
ends. As 
made in sizes 
12-inch and 
smaller. 


DEPENDABLE QUALITY IN EVERY PART 


BODY AND BONNET— Uniformly thick sec- 
tion heavily reinforced adjacent to bon- 
net and end flanges. Tie ribs on flanged 
valves give additional support to body 
... guard against line strains. Straight- 
through ports permit uninterrupted fluid 
flow. 


DOUBLE DISCS— Parallel seat and double 
disc construction assures more positive 
operation, tight seating and easy open- 
ing. Either hook controlled wedges or 
upper and lower spreaders are used to 
force discs outward upon seating—and 
to release discs from their seats at the 
first opening movement. 


SEATS AND DISCS—Body seat rings are 
brass and screwed in. Discs are brass or 
iron with brass seating faces. 

STEM—Crane Cast Manganese Bronze— 
an alloy of unusually high tensile and 
torsional strength—for all sizes of non- 


rising stem valves. O.S.& Y. patterns have 
brass stem and brass stem hole bushing. 


GLAND AND STUFFING BOX—Two-piece 
ball-type gland has malieable iron gland 
flange and brass gland. Zinc-plated 
gland bolts and brass nuts eliminate 
possibility of corrosion. Ball type bear- 
ing compensates for unequal adjustment 
of bolts; evenly distributes load on pack- 
ing; avoids stem binding. Can be packed 
while under pressure. 


Get full details from your Crane Repre- 
sentative, or see your Crane Catalog. 


Outside screw and yoke, 
with handwheel. Flanged 
ends. Sizes 2 to 24-inch. 


The Complete Crane Line Meets All Your Valve Needs. That’s Why 
More Crane Valves Are Used Than Any Other Make! 


CRANE VALVES 


CRANE CO.., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS * PIPE + PLUMBING * HEATING 
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James H. McCambridge, superin- 
tendent and general manager of the 
Burbank, Calif., Public Service Dept., 
died on November 4, 1952, at the age 
of 61. He had joined the department 
in 1924 and by the next year had been 
promoted to the post he held at the 
time of his death. He held that re- 
sponsibility continuously, except for a 
short period in 1952 during which he 
served as city manager. Ill health 
forced him to relinquish the post, how- 
ever, and return to the Public Service 
Dept. 


John R. Barnes, lowa Section 
Fuller Award Nominee and represen- 
tative for the Neptune Meter Co. in 
Iowa, died on Nov. 13, 1952, at the 
age of 57. He had been in failing 
health for some time. He had joined 


the Neptune organization in 1924 and 
was a member of its 25-Year Club. 


F. F. Osborne has joined the 
Smith-Blair staff as general sales man- 
ager, with headquarters at South San 
Francisco, Calif. Previously he had 
been with Fairbanks-Morse Co., Byron 
Jackson Co., the Corps of Engineers 
(in a civilian capacity), and before 
coming to Smith-Blair had been an 
independent consultant. 


“Spiral-Glas” is the name of a new 
pipe made of Fibreglas strands im- 
bedded in a polyester resin. Made by 
Bettis Corp., P.O. Drawer 9365, Hous- 
ton, Tex., the pipe is said to have high 
tensile and bursting strength and is 
furnished in 20-ft lengths. At present, 
only 2- and 4-in. sizes are available. 


(Continued on page 40) 


Earn FULL REVENUE with 
Accurate American Meters 


The superior accuracy built into Buffalo 
AMERICAN Meters enables you to earn 
full revenue from metered water in vous 


BUFFALO METER 
COMPANY 


2914 Main Str 
Buffalo 14, New pase 


FOR REPAIRING 
BROKEN MAINS 


Skinner Seal Split Coupling Clamp. One man 
can install in 5 to 15 minutes. Gasket sealed 
by Monel band. Tested to 800 Ibs. line pres- 
sure. A lasting repair. 2"-24” inclusive. Write 
today for new catalog. 


M. B. SKINNER CO. 


SOUTH BEND 21, INDIANA, U.S.A. 
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or Sodium Tetraphosphote 
a 


leading primary producer of Sodium Fluoride 


and Sodium Silicofivoride (sole producer of Sodium 


Polyphos), Blockson provides a dependable high 


purity source of supply for the. water works trade... 


SAMPLES AND DATA ON REQUEST. 


BLOCKSON CHEMICAL COMPANY 
JOLIET, iLtinots 


: 
4 
= Voride 
a 
0 phosphate J 
Glassy Sodium 4 
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Another resolution for the new 
year was that of the Boston Society of 
Civil Engineers, which, by a 91.7 per 
cent affirmative vote, “Resolved: That 
it is unethical for an engineer know- 
ingly to compete for services to clients 
on the basis of price.” Actually, this 
is of a piece with the earlier stand on 
the subject by the ASCE and consti- 
tutes a warning to water works man- 
agement together with other clientele 
that engineering isn’t a commodity to 
be shopped for or bought on low bid. 
That’s as it should be, of course, but 
what it unhappily brings to mind is 
the tight shoe on our other foot. With 
no such restriction on employers com- 
peting for engineers, water works man- 
agement is feeling more than a slight 
pinch in its attempt to enlist new talent 
for the field. What with companies 
such as General Electric taking to radio 
and television to woo young engineers 
with promises of future, fame, and 
fortune, it will be a wonder if every 
young graduate doesn’t soon have to 
measure his own head in feet. Next 
thing you know, “What Price Water ?” 
will mean “What Price Engineers ?” 


Not just engineers, either, but 
trained employees of all kinds are of 
a scarcity in the water works field 


these days, everywhere. A visitor at 
AWWA headquarters the other day 
from faraway Formosa, one Yung- 
Mao Liu, Chief, Public Works Section, 
Dept. of Reconstruction, Taiwan Pro- 
vincial Govt., who has been visiting the 
world as a UN public administration 
fellow interested primarily in develop- 
ing the public water supply of the 
island, had this to say in the conclusion 
to his report: 


Everywhere in the world there is a 
shortage of trained men for economic de- 


velopment. The first thing to do in the 
improvement and development of Taiwan 
water supply must be to train MAN. 
It is believed that an experienced, en- 
thusiastic professor of water supply or 
sanitary engineering should be engaged 
by the Technical Assistance Service of 
the United Nations or by the Mutual Se- 
curity Administration of the United 
States and invited to Taiwan to collab- 
orate with the various local institutions 
and organizations concerned with the 
training of more and better qualified 


WATERMEN. 


When any water works man any- 
where comes to the conclusion that he 
needs MAN more than MONEY to 
develop his system, things must have 
come to a pretty impasse. 


Fluoridata having opened our eyes 
to the condition of our mouths, we are 
now alert to oral statistics of all kinds. 
Thus, the knowledge that in 1951 we 
as a nation spent $1,620,000,000 on 
candy and only $1,000,000,000 on den- 
tal care gave us a clue to still another 
fact—that cavities occur in children’s 
teeth six times as rapidly as they are 
repaired. Further word that minute 
amounts of selenium in drinking water 
or food may also make teeth more sus- 
ceptible to dental decay has us visualiz- 
ing a nation of sweet-toothed gumbeat- 
ers in the none too distant future. The 
answer, says the American Dental 
Assn., must be even more than fluori- 
dation—which at best is only some 65 
per cent successful—it must include 
good dental care and some intelligent 
self-restraint on the part of tooth- 
owners themselves. 

Meanwhile, we are all too willing to 
estimate that there are more sound 
teeth in the nation today than there 
were last year. Fluoridation, of course : 
but more than that, 1.7 per cent more 


(Continued on page 42) 
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PLUS VALUES, JOB-PROVED AGAIN AND AGAIN 


DARLING 


This modern pumping station is served 
by Darling gate valves of 3 sizes, as 
shoun — 20" O.S.GY. valves as well as 
30° and 36" sizes with beveled gears 
and gear cases. All employ the Darling 
fully revolving, double disc, parallel 
seat principle, and made m accord- 
ance with AWWA. specifications. 


HIS new municipal pumping station gains a unique advantage proved 

in hundreds of similar operations throughout the country. Because 
these gate valves are Darlings... featuring Darling's fully revolving, double 
disc, parallel seat principle... the city as well as the water department 
will be time and money ahead years on end. 

If you haven't yet checked into Darling gate valves of this type (shown 
in cutaway view at left) we'd like to give you a// the facts on the distinctive 
features that always add upto... 

1. Positive, easier closing. 2. Aut tic adjust t for valve body dis- 
tortion. 3. Elimination of disc-to-seat galling. 4. Unif wear distrib 
Note rugged simplicity of this unique tion. 5. Greater service life with far less maintenance. 


Darling principle—just four sturdy 
working parts... two plain inter- SEND FOR BULLETIN 


changeable no-pocket discs and two 
bushy wedges. Assembly and maiute- Darling's latest bulletin is full of helpful information and describes 


nance is extremely easy and foolproof. Darling valves of a// types for every normal or unusual service. 


DARLING VALVE & MANUFACTURING CO. 
Williamsport 23, Pa. 
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mouths, running the present total to 
157,505,000—an increase of 6,373,000 
since the April 1950 census. 


Construction permits and controlled 
materials allocations for 450 water 
works construction projects valued at 
$215,500,000 were approved by NPA 
for the third quarter of 1952. An 
additional $127,500,000 worth of sew- 
age works was also approved in 253 
projects. 


D. Birney Stokes, vice-president in 
charge of sales for United States Pipe 
& Foundry Co., has retired after 42 
years of service with that organization. 
Ife has been salesman, sales agent, 
eastern sales manager, western sales 
manager, general sales manager, vice- 


president (since 1926), and director 
(since 1928). He is being succeeded 
by Charles S. Northen. 

In another personnel shift announced 
by the firm, Carl N. Brown has been 
appointed sales manager for cast-iron 
pipe. Brown, who is also the current 
president of the Water & Sewage 
Works Manufacturers Assn., was serv- 
ing as assistant general sales manager 
before his promotion. 


A century, rather than an annual 
report, has been issued by the Penni- 
chuck Water Works of Nashua, N.H., 
on the completion of its first hundred 
years. For the next hundred years, 
if there is any truth in proverbs, things 
should be easier for Supt. Donald C. 
Calderwood and those who share his 
headaches. 


(Continued on page 44) 


CYANAMID’S 
SULFATE OF ALUMINA 


r 


= 


BIG REASONS FOR PREFERENCE! 


Waterworks superintendents who depend on Cyanamid's Sulfate 
of Alumina know these five big reasons for its widespread use: 


1. Uniform, trouble-free feeding 


2. Wide pH range of coagulation 


3. Rapid floc formation 


4. Maximum adsorption of suspended and colloidal impurities 
5. Minimum corrosion of feeding equipment 
Write today for all the details on how these advantages can help you. 


AMERICAN Granamid 
Heavy Chemicals Department 
30 Rockefeller Plaza, New York 20, N. Y. 


in Canada: North American Cyanamid Limited, Toronto and Montreal 


COMPANY 
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For Precise FLUORIDE TESTS 


USE THE PERMANENTLY RELIABLE 


GUARANTEED NON-FADING Glass Color 
Standards © Test based on official A.P.H.A. 
and A.W.W.A. procedure ® Built-in illumina- 
tion makes determinations always independ- 
ent of time or weather © Stable components 
assure fresh, dependable reagent. 


MODERN 
HELLIGE INSTRUMENTS 
TURBIDITY MEASUREMENTS 


> WATER ANALYSES 
> pH CONTROL 


> COMPLETE 
SOLUTION 
SERVICE 


FOR YOUR 
CATALOGS 
TODAY 


Please Send GREE Catalog Set No. 600-W 


z 


STREET 


CITY STATE 


HELLIGE, INC. ‘city, 


1 
pet | 
WRITE 


44 


PERCOLATION AND RUNOFF 


Vol. 45, No.1 


(Continued from page 42) 


Eugene Schmidt has been ap- 
pointed chief engineer of Refinite 
Corp., Omaha, Neb., coming to that 
organization from the Dorr Co. 


To pH add pU in the list of dis- 
tinctly water works terms. Not nearly 


as complicated as pH, the new term 
first appeared in this headline from the 
Geauga (Ohio) Times-Leader: 


Burton’s Water Rates 
Scheduled to Go pU 


Before coming to terms, though, we 
ought to complain about editorializing 
on the news pages. 


Scare headlines are tame compared 
to the recent national advertising of 
one of our best known plumbing supply 


houses. It was in the Saturday Eve- 
ning Post, as a matter of fact, that we 
spotted the characteristic smoke pat- 
tern of a Hiroshima and found this 
text silhouetted against it: “Like an 
ATOM-IC explosion, just one pinhole 
size faucet leak mushrooms into atoinic 
waste of approximately 95,000 gallons 
of water yearly—costing $24.14.” Evi- 
dence of the kind of care we like to 
see in advertising is the note that the 
figures had been authenticated by the 
Hackensack Water Co. As a matter 
of fact, we ‘who would go to almost 
any ends to promote conservation, like 
the idea on the whole, but would be 
happy to settle for something just a 
little less lurid. Oh yes! Object of 
the ad was a faucet washer! 


(Continued on page 46) 


LIMITORQUE 


VALVE CONTROLS 


From coast to coast, hundreds of LimiTorque Controls 
are in service in water works and sewage disposal plants 
for automatic or remote operation of valves up to 120 
inch diameter. Why is acceptance so widespread? Be- 
cause LimiTorque Operators are designed to provide de- 
pendable, safe and sure valve actuation at all times. 


LimiTorque is self-contained and is applicable to all 
makes of valves. Any available power source may be 
used to actuate the operator: Electricity, water, air, oil, 
gas, etc. 

A feature of LimiTorque is the torque limit switch which 
controls the closing thrust on the valve stem and pre- 
vents damage to valve operating parts. 


Write for Catalog L-50 and get the details 


PHILADELPHIA GEAR WORKS, Inc. 
ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. 
New Yerk © Pittsburgh © Chicege © Housten ©. Lynchburg, Ve. 
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“CAS IRON 


_ SUPER DELAVAUD 


this MARK OF QUALITY Is 


YOUR PROTECTION 
ON CAST IRON PIPE 


PRECALKED 


This Q-Check trademark is a symbol of quality sten- 
ciled on all McWane-Pacific Super-DeLavaud cast 
iron pipe. It is your assurance that the pipe you lay is 
used and approved by leading independent labora- 
tories and engineering associations. Only Cast Iron 
Pipe meeting the most rigid inspection is permitted to 
use this Q-Check trademark. 

The *Q-Check”™ trademark is registered in the United 
States Patent Office by the Cast Iron Pipe Research 
Association as a service trademark signifying scientific 
quality-control in the manufacture of cast iron pipe. 
It is a symbol of the service of McWane-Pacific cast 
iron pipe, which “serves for centuries.” 


OPEN 
BELL-AND- 
SPIGOT 


* 
MECHANICAL 
JOINT 


FLANGED 


McWANE Cast Iron Pipe Company PACIFIC STATES Cast Iron Pipe Co. 


Birmingham, Ala. 
Pipe Sizes 2” thru 12” 
Sales Offices: 


Provo, Utah 
Pipe Sizes 2” thru 24” 
Sales Offices 


Birmingham 2, Ala.... ..P. O. Box 2601 
Chicago 1, Ill... .. 333 North Michigan Ave. 
New York 4, N.Y... .80 Broad Street 
Kansas City 6, Mo.. . 1006 Grand Avenue 
Dallas 46, Texas. .Maple Avenue Office Bldg. 


. P. O. Box 18 
Denver 2, Colo... 1921 Blake Street 
Los Angeles 48, Cal... ..6399 Wilshire Blvd. 
San Francisco 4, Cal... 235 Montgomery St. 
Portland 4, Oreg.. . 501 Portland Trust Bidg. 
Salt Lake City Waterworks Equip’t Co. 
Seattle 4, Wash... . . 1806 Smith Tower Bidg. 


Provo, Utah . 
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Modern design has moved into a 
lot of new places of late, but nowhere 
has it more surprised or pleased us 
than in the publications of the Ken- 
tucky State Dept. of Health. In both 
format and technique, the monthly Bul- 
letin and the monthly News and Plans 
do a “professional” job of selling health 
and of convincing the reader that the 
department is sold on its slogan: “Ken- 
tucky’s greatest resource is her people.” 
Recent issues with such titles as “I 
Was a Cancer Patient” educate Ken- 
tuckians in stories interesting to all in 
language understandable to all, and the 
annual report on department facilities 
presented under title of “The Big 
Question” in the October 1952 Bulletin 
uses a technique that might well be 
adopted by water works in selling their 


SPARLING 


Main-Line Meters 


Accurate main-line measurement 
is the key to efficient operation 


Descriptive Bulletin 311 comes on request 


| 1500 S. Western Ave. 
Se 101 Park Avenue 
a 6 Beacon Street 
1932 First Avenue 
726 Reserve Loan Life Bidg. 
(AB 66 Luckie St. N. W. 
Gere @........-... 6 East 11th St. 


bill of goods. In simplest terms, Ken- 
tucky is stressing “public” as well as 
“health” in public health, and thereby 
ought to be able to do more more 
easily. 


French literature ought to be in for 
another golden age at the end of this 
year. That’s when the famous sewers 
of Paris will finally be restored to their 
“classic condition,” at the completion 
of the huge rebuilding program aimed 
to make up for wartime neglect. 
French tourist traffic is due to boom, 
too, for weekly boat trips will be op- 
erated through at least part of the 
sewer system during the summer 
months. The fascination, as we under- 
stand it, is the hunt for a body, not a 
BOD. We'll stick to water systems, 
as at least a little less miserable. 


6 Reasons wh 9 
PALMER SURFACE 


WASH SYSTEMS 


are specified by 
water works engineers 


1. Prevent Sand Beds From Cracking. 
2. Eliminate Mud Balls. 

3. Save Wash Water. 

4. Lengthen Filter Runs. 

5. Higher Rates of Filtration. 

6. Better Tasting Water. 


Write today for Bulletin 451 and a list of woter 
purification plonts that have gone modem. 
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just a reminder that - 


younks with 


axe os Ugh as = 


A pipeline 
is no stronger 
than its joints. 


POWDER OR PIGS-— WITH FIBREX 
MAKE PERFECT JOINTS 
Working Samples on Request. 


FIBREX 


(REELS) 
(LITTLEPIGS) 


HYDRAULIC DEVELOPMENT CORPORATION 
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THE READING METER 


Vol. 45, Ne. 1 


The Reading Meter 


Proceedings of the United Nations 
Scientific Conference on the Conserva- 
tion and Utilization of Resources. Vol. 
I1V—Water Resources. /ept. of Eco- 
nomic Affairs, United Nations, New 
York (1952) 466 pp.; paperbound ; $4.50 
from International Documents Service, 
Columbia Press, 2960 Broadway, New 
York 27, N.Y. 


This volume collects the technical pa- 
pers presented at a conference held Au- 
gust 17 to September 6, 1949, and repre- 
sents an exhaustive summary of human 
knowledge on many topics. The main 
subdivisions are: The Appraisal of Water 
Resources, Water Supply and Pollution 
Problems; Comprehensive River Basin 
Development; Water Control Structures ; 
Flood Control and Navigation; Irrigation 
and Drainage; and Hydro Power and 
Other Water Uses. These categories 
give but a hint of the scope of the vol- 
ume, however, which contains in nearly 
500 oversized pages as much as the aver- 
age 1,500-page book could hold. Well 
and fully illustrated. 


The Nile: A general account of the 
river and the utilization of its waters. 
H. E. Hurst. Constable & Co., Ltd., 
London (1952) 326 pp.; available in U.S. 
from Macmillan Co., New York, at $6 


Although scarcely required reading for 
those who refuse to be diverted from 
strictly business matters, many water 
works men may find that their occupa- 
tional preoccupation with water—-il we 
may put it that way—will lend appeal to 
this discussion of a river which has ex- 
cited the imaginations of men since re- 
mote antiquity. The discursiveness of 


the author-—-who is concerned equally 
with the exploration of the sources, the 
relationship with ancient and modern 
populations, and the hydrology and indus- 
trial exploitation of the river—will make 
the book even more agreeable to the 
casual reader. 


Elementary 
Harvey Diehl 
John Wiley & 
539 pp.; $5 


Quantitative Analysis: 
principles and practice. 
& G. Frederick Smith. 
Sons, Inc., New York (1952 


Although primarily intended as a text 
for students, this volume gathers together 
much information on new developments 
—such as the Schwarzenbach procedure 
for determining total hardness and devel- 
opments in colorimetry—thus making it a 
useful single source of information and 
reference. 


The Ground-Water Resources of 
Wayne County, New York. 
Griswold. Bul. GIV-29, State Water 
Power & Control Com., Dept. of Con- 
servation, Albany, N.Y. (1951) 61 pp.; 
paperbound ; free 

The report was prepared by the U.S. 
Geological Survey as a state-federal co- 
operative project. 


The Ground-Water Resources of 
Schenectady County, New York. FL. S. 
Simpson. Bul. GIV-30, State Water 
Power & Control Com., Dept. of Con- 
servation, Albany, (1952) 110 -pp.. 
paperbound ; free 


Another state-federal cooperative re- 
port. 


(Continued on page 50) 
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Specify KENNEDY 


Iron-Body Double-Disc Gate 
Valves for Water Service 


Check your Valve requirements against this handy 
chart: NOTE: 3” thru 48” are all A.W.W.A. Standard 


Connections Available 30° 
Bell Ends... . 
Screwed....... 


Mechanical Joint. . 


Universal 


Spigot Ends. . 
Combination Ends 


30” only 


30°-36" only 


es 


Yes 


Rollers for Horizontal 
Operation. . 
Stem and Stem 


Nut. 


By-Pass 

Spur Gears 

Bevel Gears 

Gear Cases 
Electrical Control 
Cylinder Control 
Square Bottom 


Accessories Available & 


| 


Manganese | 
Bronze 
60,000 Ib. 
Tensile 
strength 


Manganese 
Bronze 
60,000 Ib. 
Tensile 
| strength 


available 
available 
available 
available 


available 
available 


available 


Bronze on 
bronze track 
Manganese 


Bronze 


60,000 Ib. 


Tensile 
strength 
available 
available 
available 
available 
available 
available 
available 
available 


| 


30" 


Bronze on 


bronze track 
Manganese 


Bronze 
80,000 Ib. 
Tensile 
strength 
available 
available 
Standard 
available 
available 
available 
available 
available 


Indicator 
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LOW PRESSURE VALVES CAN BE FURNISHED IN THE ABOVE TYPES, SIZES AND ACCESSORY EQUIPMENT. WRITE FOR DETAILS. 


KENNEDY 


VALVE MFG. CO. + ELMIRA, N.Y. 
PIPE FITTINGS « FIRE HYDRANTS 


VALVES 
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TYPES OF VALVES AVAILABLE—Non-rising Stem and Outside Screw & Yoke ig! 
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.....| Yes Yes | No No 
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THE READING METER 
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The Reading Meter 


Selected Biological References Ap- 
plicable to Water Treatment. William 
M. Ingram, Ohio-Tennessee Drainage 
Basins Office, Div. of Water Pollution 
Control, U.S. Public Health Service, 
1014 Broadway, Cincinnati 2, Ohio 
(1952) 35 pp.; paperbound ; free 


This selected bibliography rounds out 
the subjects covered by two previous bib- 
liographiés-on sewage treatment and 
pollution control—prepared by the same 
agency and author (see August 1952 
JournaL, P&R pp. 74, 76). 


New Developments Upright 
Sprinklers. Norman J. Thompson. Na- 
tional Fire Protection Assn., 60 Battery- 
march St., Boston, Mass. (1952) 18 pp.; 
paperbound; 50¢ 

Improved spray distribution with a 
new sprinkler head is said to improve 
protection by making available water go 


(Continued from page 48) 


further. The improved design is recom- 
mended either for new installations or as 
a replacement for existing installations 
where water supply is limited, or less than 
the fire hazard warrants. A reprint from 
the NFPA Quarterly. 


The Industrial Utility of Public Wa- 
ter Supplies in the Pacific States, 1952. 
E. W. Lohr, R. T. Kiser, C. S. Howard 
& I.W. Walling. Circular 232, Geologi- 
cal Survey, Washington 25, D.C. (1952) 
89 pp.; paperbound ; free 


Chemical analyses of raw and finished 
water, and background information on 
the water works, are provided for the 
major public water supplies in California, 
Oregon, and Washington. This is the 
fifth of a projected series of nine reports 
on the country’s water supplies (see Oc- 
tober 1952 JourNnaL, p. 92 P&R and 
December 1952, p. 20 P&R). 


(Continued on page 52) 


Automatic INVERSAND Water Softening & Acticar Taste and Odor Removal Plant—producing 


clear, 100% soft, palatable water. 


We build complete water treatment facilities, both large and — for every need. Specialized 
treatment for local conditions, municipal and industrial, is our s Ity. 


Write for Bulletins that describe our water treatment plants. 


TERRY, INC. 


| CLAYTON 5, NEW JERSEY 
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When 42” is as big as 48” 


Yes, it’s true! 


Even a small amount of incrustation will reduce the 
carrying capacity of a 48” main to that of a clean 42” main, 


The more your mains are clogged, the less capacity 
they have and the resulting reduced pressures increase 
pumping costs and fire hazard. 


Take the easy way out—call National. Then, if your mains 
need cleaning we’ll do the job quickly and effectively 
with little or no interruption in service. 


Why not let our engineers find out what condition 
your water mains are in? 


There’s no obligation! 


ATIONAL water MAIN CLEANING COMPANY 


36 50 Church Street - New York, N.Y. 


ATLANTA, GA; 333 Candler Building * BERKELEY, CALIF; 905 Grayson Street * DECA- 
TUR, GA; P. O. Box 385 * BOSTON, MASS; 115 Peterboro Street * CHICAGO; 122 So. 
Michigan Avenue * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
FALLS, N.J; BOX 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Exchange Building * OMAHA, NEBR; 3812 Castellar Street * RICHMOND, 
VA; 210 E. Franklin Street * SALT LAKE CITY; 149-151 W. Second South Street * SIGNAL 
MOUNTAIN, TENNESSEE; 204 Slayton Street * DALLAS, TEXAS; 6617 Snider Plaza * 
MONTREAL, CANADA; 2028 Union Avenue * WINNIPEG, CANADA; 576 Wall Street * 
HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO RICO; 
Luis F. Caratini, Apartado 2184. 
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APPROVED 


GREENBERG 


Independently Valved HYDRANTS 


for non-freezing climates 


Western water works engineers and fire 
chiefs were the first to a 
California-type fire hydrants. Now, after 
exhaustive tests, Underwriters’ Laborator- 
ies, Inc. has confirmed your judgment. 

Greenberg No. 74 and 76 hydrants are 
equipped with independent valves of a 
new type which open quickly and easily, 
allowing full flow with minimum resist- 
ance. They close tightly without water 
hammer. A major improvement over the 
old “cork in bottle” type valve! 


Other innovations such as you 
would expect of the people 
who evolved the California- 
type hydrant 75 years ago are 
shown in the free booklet “Hy- 
mea, drants by Greenberg." May we 

= send you a copy? 


PRODUCTS 


GREENBERG 
M. GREENBERGS SONS 


Seattle Pertiand * Salt 

Denver El Paso New York Hartford 
Washington, B.C. 


THE READING METER 


| 
| 
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ALSO PUBLISHED 


Fluoridation of Municipal Water 
| Supply: A review of the scientific and 
legal aspects. Charles S. Rhyne & 
Eugene F. Mullin Jr. Report No. 140, 
National Inst. of Municipal Law Officers, 
730 Jackson Pl., NW Washington 6, 
D.C. (1952) $3 


Polarography. /. \/. Kolthoff & 
James J. Lingane. Vol. 1—Theoretical 
principles, instrumentation and technique. 
Vol. 2—Inorganic and organic polarogra- 
phy, biological applications, amperometric 
titrations. Interscience Publishers, New 
York (2nd ed., 1952) Vol. 1—438 pp.; 
$9. Vol. 2—568 pp.; $11 


The Effects of Community-wide In- 
stallation of Household Garbage- 
Grinders on Environmental Sanitation. 
U.S. Public Health Service and Indiana 
State Board of Health. (1952) 20¢ from 
Supt. of Documents, Government Print- 
ing Office, Washington 25, D.C. 


Flow meters with even graduations are 
described in Catalog 2300 of the Minne- 
apolis-Honeywell Regulator Co., Wayne 
& Windrim Ave., Philadelphia 44, Pa. 
A discussion of “flow cost accounting” is 
featured in the 28-p. booklet. 


“Small Vertical Pumps” for sidewall or 
submerged mounting are described in an 
8-p. bulletin, 52B6975A, being distributed 
by Allis-Chalmers Co., 1026 S. 70th St., 
Milwaukee, Wis. 


A portable pH meter is the subject of 
Bul. 118 of Photovolt Corp., 95 Madison 
Ave., New York 16, N.Y. The Model 
125 instrument is powered by three radio 
dry cells. 


Plastic pipe for a variety of applica- 
tions is the subject of a 16-p. catalog 
offered by the Plastics Products Div., 
Triangle Conduit & Cable Co., Inc., New 
Brunswick, N.]. Installation procedures 
for joining and use of fittings are in- 
cluded. 


| 
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1879—ROSS-1879 
Automatic Values 


Controls 
elevation of 
water 
in 
tanks, basins 
and 
ALTITUDE VALVE reservoirs 
1. Single Acting 
2. Double Acting 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution 
and pump 


discharge 


SURGE-RELIEF VALVE 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 


rate of flow 
REDUCING VALVE 
Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic contro! 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 

2. Pilot oper- 

ated and with 

Afloat traveling 

between two 

stops, for upper 

and lower limit 

of water eleva- 


FLOAT VALVE tion. 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N. Y. 


ary 
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CORRESPONDENCE 


Comeuppance! 
To the Editor: 


When “Abstracts” were dropped from 
the JourRNAL, on the grounds that the 
space could not be afforded, but “Percola- 
tion and Runoff” was squeezed in, I was 
much opposed to the idea of that change. 
Then “condensation” was _ introduced, 
which takes the place of “abstracts,” and 
in the November issue these occupy about 
fourteen pages which I feel are well 
worthwhile and appropriate. However, 
after reading the eight pages of “Perco- 
lation and Runoff” in this same Novem- 
ber issue, I feel impelled to suggest that 
a change of editorial policy with regard 
thereto is long overdue. Half the writ- 
ings of the eight pages are either vacuous 
or funny-man stuff which would be more 
appropriate elsewhere—and don’t think 
I don’t enjoy good comedy. 

Then, also, please refer to the first item 
at the top of Page 14 P&R. Is stating 
that this item is in very bad taste suffi- 
cient? I assure you I am not using the 
expression as a pun. The item is in far 
worse taste than the Philadelphia water 
used as the subject. Scurrilous remarks 
as here made on both Philadelphia and 
Cincinnati, do irreparable harm. 

Unless the author is ignorant of events 
in this city so near to New York, he must 
know that conditions in Philadelphia are 
many times improved over past years, that 
water generally here is no worse than 
encountered frequently elsewhere by those 
who travel a bit. Today, outsiders as 
frequently state they find no objectionable 
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taste as otherwise. This item is decidedly 
misleading. 

Also, the article’s inferences are a back- 
handed stab to those who have fought for 
several years to improve the situation, to 
improve the attitude of the public, and to 
improve the name of Philadelphia water. 
The author of “Percolation and Runoff” 
will be doing the Association a great 
favor by finding some other, worthwhile, 
outlet for his efforts. 

E. L. BEAN 


Philadelphia, Pa., Dec. 4, 1952 


We can answer Mr. Bean’s specific 
complaint with the assurance that no 
offense was intended to Philadelphia or 
to Cincinnati, though we'll not mention 
Moscow, from whence the “information” 
came. But the answer to the broader 
question he raises is for JoURNAL readers 
to supply. Certainly if any number have 
been suffering in silence, the change is 
long past due. What's your pleasure ?— 
Ep. 


Flocculating equipment based on the 
“Walking Beam” principle is the subject 
of a 28-p. brochure issued by Stuart 
Corp., Baltimore 1, Md. In question- 
and-answer form, the booklet discusses 
the design of the mechanism, which fea- 
tures the use of above-water bearings, 
and includes photographs of actual in- 
stallations. 


Power plants constructed by the Dravo 
Corp. under the single-contract method 
are the subject of a 20-p. illustrated bulle- 
tin, No. 504, devoted to the activities of 
the firm’s Power Dept. Boiler and power 
plants, pumping stations, water and sew- 
age treatment systems are the depart- 
ment’s special province. 


A “Handy Guide to Selection of Cen- 
trifugal Pumps” may be had for the ask- 
ing from Allis-Chalmers Mfg. Co., 1026 


S. 70th St., Milwaukee, Wis. The 12-p. 
hooklet is known as Bul. 52C6059J. 
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“REILLY ‘ENAMELS 


THE ENGINEERING MATERIALS OF CHOICE 
FOR LIFELONG PROTECTION OF METALS 


Reilly coatings have been time-tested on thousands of jobs 

. large and small... . since the early thirties. nstalla- 
tions coated with Reilly Enamels are still giving satisfactory 
protection after more than twenty years of service. 


MERCHANTS BANK BUILDING 


rin OtANMAPOLIS 4, 


4 
+ 
fa 
a 
! 
PROTECTIVE! 
COATINGS 


56 P&R 


This worth looking 


JOURNAL AWWA 


Vol. 45, No.1 


into 


We make CAST IRON PIPE 
. . . built to last for generations 
. in any size from 2” to 96” 
with all types of joints. For 97 
years, the WF trade mark has 
meant “Durable Pipe,” made 
with proper crushing, beam, 
shock and bursting properties. 


Short Body Bell & 
Spigot Specials 


Bell & Spigot Pipe 


Flange Pipe Cast Iron Rolls 


Flexible Joint Pipe Cylinders 
e 
Pipe and Fittings also Available in at 
Resistant and Corrosive Resistant 
Meehanite Metal 


Also manufacturers of jobbing castings 
through 20 tons in weight in Alloy 
Iron, Grey Iron and Meehanite Metals 


It’s the kind of pipe that stays 
in service... rugged, strong, 
economical . . . because you can 
bury it and forget it! Miles 
upon miles have been under- 
ground for almost a century and 
still in good condition when 
excavated. 


acify 


CAST IRON PIPE... 
AND BE SURE! 


arren FOUNDRY & PIPE CORP. 


55 LIBERTY STREET, NEW YORK 5, N. Y. 
PLANTS: Phillipsburg, N. J. Everett, Mass. 

WARREN PIPE CO. OF MASS. INC. 75 FEDERAL ST. BOSTON, MASS. 
97 Years of Continuous Service 
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ALBRIGHT & FRIEL, INC. 
Consulting Engineers 


Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 
City Planning Reports 
Laboratory 


Philadelphia 7, Pa. 


Valuations 


121 S. Broad St. 


Cras. B. Burvick Louis R. Howson 
Donatp H. 


ALVORD, BURDICK & HOWSON 


Engineers 


Water Works, Water Purification, Flood 
Relief, Sewerage, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


Civic Opera Building Chicago 6 
CARL A. BAYS & 
ASSOCIATES, INC. 


Geologists —Engineers —Geophysicists 
Industrial Consultants 


Office and Laboratory —308 N. Orchard St. 
Mail Address—P.O. Box 189 


Urbana, Illinois 


A. S. BEHRMAN 


Chemical Consultant 


Water Trectment 
Ion Exchange Processes atid Materials 
Patents 


9 S. Clinton St. Chicago 6, III. 


BLACK & VEATCH 
Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


| 624 Madison Avenue 


BLACK LABORATORIES, INC. 


Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 
ANALYSIS—TREATMENT— 
CONTROL—RESEARCH 
700 S. B. 3rd St. Gainesville, Fla. 


CLINTON L. BOGERT 
ASSOCIATES 
Consulting Engineers 


Ivan L. Bocertr 
Rosert A. 


Cumton L. Bogert 
Donato M. DitMarRs 
Water and Sewage Works 
Industrial Wastes 
Flood Control 


New York 22, N. Y. 


Refuse Disposal 
Drainage 


Guide Books to the Field 


Send for your free copy of “A List of 
A.W.W.A. Publications,” listing books, 
manuals and specifications published 
by the Association. 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


Bowe, Albertson & Associates 
Engineers 
Water and Sewage Works 
Industrial Wastes.—Refuse 
Disyosal—M unicipal Projects 
Airfields—Industrial Buildings 
Reports— Designs-—Fstimates 
Valuations—Laboratory Service 


110 William St. New York 38, N.Y. 


BUCK, SEIFERT AND JOST 


Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 
Water Disposar 
DEVELOPMENTS 
Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th St., New York 3, N. Y. 
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BURGESS & NIPLE Cotton, Pierce, Streander, Inc. 


Consulting Engineers Associated Consulting Engineers 
(Established 1908) E. R. Cotton E. M. Pierce 
; P. B. Streander G. A. Gieseke 
Water supply, treatment and distribution I. J. Silverstone 
Sewage and industrial wastes disposal Water Supply, Water Purification 
Investigations, reports, appraisals, rates Sewerage, Sewage Treatment 
Airports Municipal Engineering Supervision Refuse Disposal 


: 183 Essex Street 132 Nassau Street 
584 E. Broad St. Columbus 15, Ohio Boston 11, Mass. New York 38, N.Y. 


BURNS & McDONNELL DE LEUW, CATHER & COMPANY 


Consulting and Designing Engineers 

Water Works, Light and Power, Sewerage, Grade Se arations—Bridges—Subways 
Reports, Designs, Appraisals, Rate ocal Transportation 


Investigations. Investigations— Reports—A ppraisals 


Ka. City 2, M Cleveland 14, Ohi Plans and Supervision of Construction 
msas 
150 N. Wacker Drive 79 McAllister St. 
P.O. Box 7088 1404 EB. 9th St. =| 130N.W 


FAY, SPOFFORD & THORNDIKE 
JAMES M. CAIRD ’ 
Charles E. Spofford Ralph W. Horne 
C. E. Currron, H. A. Bennerr John Ayer William L. Hyland 
Bion A. Bowman Frank L. Lincoln 
Chemist and Bacteriologist Carroll A. Farwell Howard J. Williams 
WATER ANALYSIS Sewerace anv Sewace 
TESTS OF FILTER PLANTS — 


Investigations Reports Designs Valuations 
Cannon Bidg. Troy, N. Y. Supervision of Construction 
Boston New York 


CAMP, DRESSER & McKEE _ FINKBEINER, PETTIS & STROUT 


Consulting Engineers Carveton 8S. Cuarves E. Perris 
Harotp K. Srrour 


Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Contro! Reports, Designs, Supervision, 
—— . Water Supply, Water Treatment, Sewerage, 
_ Investigations, Reports, Design Sewage Wusuteeand, Wastes Treatment, 
Supervision, Research, Development Valuations & Appraisals 


6 Beacon St. Boston 8, Mass. 518 Jefferson Avenue Toledo 4, Ohio 


THE CHESTER ENGINEERS — FREESE, NICHOLS AND TURNER 


Water Supply and Purification Consulting Engineers 
Sewage and Industrial Waste Treatment 


Power Plants—lIncineration—Gas Systems 
Valuations—Rates— Management 

2111 C and I Life Bidg. 

Laboratory—City Planning 


Houston 2, Texas 
210 E. Park Way 
Pittsburgh 12, Penna. CH-1624 


2 


CONSOER, TOWNSEND FULBRIGHT LABORATORIES, Inc. 
& ASSOCIATES Consultants 


Water Supply —Sewerage Chemists and Chemical Engineers 


Flood Control & Drainage—Bridges Industrial Water and Waste 
Ornamental! Street Lighting— Paving Surveys 
Light & P Plants—A isals 
igh ‘ower Plan pprai Tel. 5-5726 


351 E. Ohio St. Chicago 11 Charlotte, N. C. 
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GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 


Water Works—Sewerage 
Industrial Wastes—Garbage Disposal 
Roads—Airports—Bridges—Flood Control 
Town Planning—Appraisals 
Investigations & Reports 


Harrisburg, Pa. Philadelphia, Pa. 
Pittsburgh. Pa. Daytona Beach, Fla. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 
Reading, Pa. 
New York 
Washington 


Philadelphia 
Staunton, Va. 


GLACE & GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and 
Supervision of Operation 


1001 North Front St., Harrisburg, Pa. 


Engineers 
Ricuarp Hazen ALFRED W. SAWwYeR 
Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 


Investigations, Design, ; 
Supervision of Construction and Operation 


New York 17, N.Y. 


110 East 42nd Street 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner V. C. Lischer 
H. Shifrin E. E. Bloss 


Water Supply—Airports—Hydraulic Engineer- 
ing — Sewerage — Sewage Treatment — Munici- 
pal Engineering— Reports 


Shell Building St. Louis 3, Mo. 


GREELEY & HANSEN 
Engineers 
Water Supply, Water Purification 


Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


WILLIAM F. GUYTON 


Consulting Ground- Water Hydrologist 


Underground Water Supplies 


Investigations, Reports, Advice 


307 W. 12th St. Austin 1, Texas 


Tel. 7-7165 


HAVENS & EMERSON 


W. L. Havens C. EMERSON 
A. A. Burcer F. C. ‘ania F. W. Jones 
W. L. Leacn H. H. Moserey J. W. Avery 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations—Laboratories 
Leader Bidg. Woolworth Bldg. 
CLEVELAND 14 NEW YORK 7 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


175 W. Jackson Blvd. 
Chicago 4, Ill 
and Principal Mfg. Centers 


THE LAWRENCE CO. 


. Walker F. L. Swickard 
Sheridan R. L. Lawrence 
A. P. Harness, III 


Civil & Municipal Engineers 
Consu!tants 


Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports — Design—Construction 


12 N. Third Street Columbus 15, Ohio 


K. AUSTIN JEWELL 


Consulting Engineer 


Industrial Hydraulics 
for Mills or Plants 
Steel, Gas, Coke, Lime, Cement, 
WATER AND WASTE 
Purification, Distribution, Drainage 
Treatment, Transmission, Disposal 


2125 1/2 Ridge Avenue Evanston, IIl. 
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ROBERT M. JOHNSTON Parsons, Brinckerhoff, Hall & Macdonald 


G. Gale Dixon, Associate 


AND ASSOCIATES Engineers 


Dams Water Works Sewera 
Consulting Chemists — Bacteriologists Airports Bridges faa 
Traffic & Transportation Reports Highways 
Analyses—Water, Sewage, Industrial Waste | Subways Foundations 
Litizati Harbor Works Valuations 
patria atigations Power Developments Industrial Buildings 


915-17 N. Second St. Harrisburg, Pa. 51 Broadway. New York 6, N.Y. 


JONES, HENRY & MALCOLM PIRNIE ENGINEERS 
WILLIAMS Civil & Sanitary Engineers 


Prante Ernest W. 
Rosert D. Cari A. ARENANDER 
Jr. 


Consulting Sanitary Engineers 


Water Works 


Sewerage & Treatment Investigations, Reports, Plans 


: Supervision of Construction and Operations 
Waste Disposal Appraisals and Rates 


Security Bidg. Toledo 4, Ohio 25 W. 43rd St. New York 36, N. Y. 
MORRIS KNOWLES INC. THE PITOMETER COMPANY 
Engineers Engineers 


Water Waste Surveys 
Trunk Main Surveys 


Water Supply and Purification, 

Sewerage and Sewage Disposal, Water Distribution Studies 

Industrial Wastes, Valuations, Water Measurement & Special 
Laboratory, City Planning. Hydraulic Investigations 


Park Building Pittsburgh 22, Pa. 50 Church Street New York 


LEGGETTE & BRASHEARS LEE T. PURCELL 


Consulting Ground Water Geologists Consulting Engineer 

Water Supply & Purification; Sewerage & Sew- 
Water Supply Salt Water Problems age Disposal; Industrial Wastes; Investigations 
| & Reports; Design; Supervision of 
Dewatering Investigations Construction & Operation 


Recharging Reports Analytical Laboratories 


551 Fifth Avenue New York 17,N.Y. | 36 De Grasse St. Paterson 1, N. J. 


METCALF & EDDY THOMAS M. RIDDICK 
Engineers Consulting Engineer and Chemist 
Water, Sewage. Drainage, Refuse Municipal and Industrial Water Purification, 
and Industrial Wastes Problems Sewage Treatment, Plant Supervision, 
Airfields Valuations Industrial Waste Treatment, 
Laboratory Laboratories for Chemical and Bacteriological 
7 Analyses 
Statler Building } 
Boston 16 369 B. 149th St. New York 55, N.Y. 


Consulting Engineers 
. J. B. V. Howe 
WATER WASTE SURVEYS har Reports 

—Sunerv 
Trunk M ams Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Meter and lire Flow Test | Storm Sewers, Sewage Treatment Plants, 
| Refuse Disposal, Airports 


4120 Airport Road Cincinnati 26, Ohio | 833-35—23rd St., Denver 5, Colo. 


Engineers 


| 
| 
THE H. C. NUTTING COMPANY RIPPLE & HOWE 


Jan. 1953 


JOURNAL AWWA 


P&R 61 


NICHOLAS A. ROSE 


Consulting Ground Water Geologist 


Investigations 
Reports 
Advisory Service 


1010 Dennis Ave. Houston 2. Tex. 


RUSSELL & AXON 


Consulting Engineers 


Civil Sanitary —Structural 
Industrial — Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


EDWARD J. SCHAEFER 
Consulting Ground- Water Hydrologist 
Investigations, Reports, Advice 
on 


Underground Water-Supply Problems 


Telephone 
Ludlow 3316 


607 Glenmont Ave. 
Columbus 14, Ohio 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


Consulting Engineers 
Water Supply and Treatment Plants; 
Sewerage, Sewage Treatment; Utilities; 
Zoning; Reports, Designs, Supervisien of 
Construction and Operation; Appraisals. 


P.O. Box 1048 Jacksonville, Fla. 


STANLEY ENGINEERING 
COMPANY 


Waterworks— Sewerage 
Drainage —Flood Contre! 
Airports —Electric Power 
Hershey Building 
Muscatine, Ia. 


Seruices 


(contd.) 


+ 
ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 


Water Supply —Sewerage— Waste Disposal 


Bridges—Highways— Industrial Buildings 


Studies—Surveys— Reports 


| 209 S. High St. Columbus, Ohio 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply and Purification; Sewerage, 
Sewage and Industrial Waste Treatment. 
Reports, Designs, Supervision of Construe- 
tion and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


Look to the Journal 
Advertising Pages 


for guidance when you require professional serv- 
ices or water works products. A condensed 
“Buyers’ Guide" appears in the final pages of 
this issue 

American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


WHITMAN, REQUARDT 
& ASSOCIATES 


Consultants 


Structural 


Engineers 
Civil 
Mechanical 
Reports, Plans 
Supervision; Appraisals 


1304 St. Paul St. Baltimore 2, Md. 


Sanitary 
Electrical 


— 


62 P&R 


Condensation 


CONDENSATION 


Vol. 45,No.1 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May ’47) indicates 
volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr.—Corrosion; IM—Institute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


SOFTENING AND IRON 
REMOVAL 


Simple Method for Improving Rural Wa- 
ter Supplies. Wopzimierz SzypowskI. 
Gaz, Woda i Techn. Sanit. (Pol.), 25:273 
(Sept. ’51). Most rural water supplies are 
obtained from wells, a large percentage of 
which, exclusive of their unsanitary or struc- 
tural states, provide waters which are hard 
or contain iron. The value of softened water 
has long been recognized by Americans, who 
in addn. to numerous central softening plants, 
had installed by 1947 approx. 370,000 house- 
hold softening units. Discussion centers 
about removal of hardness, Fe, and Mn. For 


this purpose, two methods are available: [1] 


lime-soda ash for hardness removal; and [2] 
use of ion-exchange materials. The first 
method is not applicable to treatment of 
small supplies. Studies made of applicability 
of ion-exchange resins to treatment of rural 
water supplies. Several forms of ion-ex- 
change materials considered: [1] inorganic 
zeolites; [2] organic carbonaceous zeolites, 
or synthetic phenolic and styrene-base resins. 
Removal of iron and manganese by ion ex- 
change takes place readily if water is not 
aerated; these elements are in the Fe** and 
Mn** form, resp. Two exchange materials 
available for study: Permutit (probably an 
inorganic zeolite) and carbonaceous zeolite. 
Expt. set up as follows: 100 cucm of each 
exchange material (grain size 0.5-1.0 mm) 
placed in tube having depth of 17.5 cm. Each 
column regenerated with 10% NaCl and 
washed with distd. water. Raw water hav- 
ing hardness of 13° (German scale) passed 
through column and samples taken every 500 
ml for detn. of hardness (soap method). 
Columns continued in operation until effluent 
hardness reached 0.6° hardness from initial 
value of 0.3°. This corresponded to an ex- 
change capac. for carbonaceous zeolite of 
8 kg CaO per cubic meter and for Permutit 
zeolite 10 kg CaO per cubic meter. In 


similar manner, relationship between time of 
flow and degree of softening checked with 
bed depth and grain size. From curves pre- 
sented for similar grain size and bed depth, 
time of flow and amount of softening are 
approx. the same. Using coarser grained 
materials, time of flow shorter, requiring 
greater depth to obtain same degree of sof- 
tening. Optimum grain size appears to be 
approx. 0.5-1.0 mm. Using material of this 
size, approx. 90% of hardness could be re- 
moved with bed depth of 10 cm. In crude 
expt., perforated preserve can 10.5 cm in 
diam. containing 9 cm of carbonaceous zeo- 
lite fastened to discharge end of well pump. 
Raw water pumped through exchanger at 
rate of 2 1 per minute. 80% hardness re- 
moval achieved. Unit could treat 30 1 water 
contg. 25° hardness, and could be regener- 
ated by immersion for 15 min in 10% soln. 
NaCl. Rinsed with 1.5 1 water. Various 
other type containers used contg. 9 cm of 
resin. Raw-water hardness varied from 31.4 
to 57° hardness; effluent hardness from 4.2 
to 10.8° for a removal of 82-88%. Fe re- 
moval ranged from 67-80% for initial iron 
content of 0.5-6.0 ppm, and Mn _ removal 
from an initial content of 0-2.0 to 0-0.5 ppm. 
Suggested that units 20 cm in diam. and 
having a resin depth of 12 cm sufficient for 
treating 100 1 of water having an_ initial 
hardness of 40°. Removals in excess of 90% 
expected at discharge rate of 6 1 per min- 
ute. Use of method dependent on expan- 
sion of domestic (Polish) resin production. 
—Conrad P. Straub 


Treatment of Cooling Water by the Phos- 
phate Inoculation Process. Suitable Lab- 
oratory Apparatus. H. Rupy « K. R. 
Chem. Ing. Tech., 21:106 ('49). 
The author describes an apparatus and proc- 
ess designed to test the effect of addn. of 
small amts. of phosphate on the deposition 
of scale under conditions similar to those 
in cooling water. The results showed that 
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with increasing addn. (0.5-3 ppm) of so- 
dium hexametaphosphate, deposition of scale 
became less and the final carbonate hard- 
ness increased. Higher addn. apparently 
caused no further improvement. Triphos- 
phate had a similar but slightly less effective 
action. Pyrophosphate and orthophosphate 
were less effective. A combination of ortho- 
and metaphosphate was effective but was 
less effective than the equivalent amt. of 
hexametaphosphate. The small amt. of scale 
formed contains a comparatively high concen. 
of phosphate. Calcium carbonate separates 
mainly as sludge. Results are also given of 
some lab. expts. on the effect of organic 
materials—tannin, humic acid, sulfite waste 
waters—on the deposition of scale—WPA 


A Rational Method of Water Softening 
in Steam Boilers. V. Posrerov. Myas- 
naya i Molochnaya Prom. (U.S.S.R.), 13:28 
(52). Nonchem. thermal water-softening 
process, elaborated by Golubtsov and Burkov, 
is described. It serves to reduce the scale 


formation from CaSO, by passing the intake 
through a hot zone within the steam space 
of the boiler; this effects pptn. of CaSO,. 
The zone is also fed with some recycled 
boiler water to keep up the sulfate ion concn. 
to facilitate the pptn. The effluent from the 
hot zone passes through a settling reservoir 
and the supernatant fluid goes to the boiler 
proper. Several typical designs are shown. 


Natural and Synthetic Agents for the Re- 
moval of Aggressive Carbon Dioxide From 
Water. JAN Just & JApwica Ketus. Gaz, 
Woda i Techn. Sanit. (Pol.), 25:289 (Oct. 
Experiments described in which im- 
ported and domestic materials were evalu- 
ated for removal of CO. from water. Mate- 
rials used included Swiss product Magno II, 
Kielce gray marble, white marble, natural 
dolomite (MgCO,-CaCO,) (Dolomite IT), 
and Dolomite II heated to 400°C for 4 hr. 
Each of these materials placed in a glass 
column filter and various waters passed 
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For nearly 40 years buyers have believed 
in the soundness and progressiveness of 
Wheeler Economy Pump engineering. 
The reason is longer life. Case records 
show Wheeler-Economy Pumps operat- 
ing 15 to 20 years without replacement 
of major parts. Here is just a random 
selection of installations to prove Buyer 
Belief in Wheeler-Economy Pumps. . . 
They are installed in the White House 
as part of the new air conditioning 
system . . . An installation of large 
Wheeler-Economy Pumps is playing a 
part in one of the most isolated and vital 
spots in the South Pacific. Three 
Wheeler-Economy Pumps are installed 
in a jet engine laboratory pumping river 
water to cool generating engines . . . 
Wheeler-Economy Circulating Pumps 
furnish air-conditioning in the world's 
tallest building . . . There are Wheeler- 
Economy Pumps on many major ships 
. and huge Wheeler-Economy Circu- 
lators in major central power generating 
stations .. . Near Wapato, Washington, 
Wheeler-Economy Pumps irrigate thou- 
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the Grand Coulee Dam _ project 
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the columns and their effect on 
removal of CO, noted. Using Magno II, 
complete removal of CO, obtained even at 
high rates of flow. At lower rates of flow, 
almost complete removal of Fe and Mn ob- 
tained; at rates of 6 cum per square meter 
per hour, good removals occurred. Remain- 
ing materials gave following results on wa- 
ters high in CO,: using Kielce gray marble, 
removals of aggressive CO, ranged from 33 
to 50%, white marble 34 to 86%, natural 
dolomite 8.2 to 46.9%, Dolomite Il (heated 
to 400°C for 4 hr) 32.9 to 80.4%. Lower 
figures correspond to the higher rate of flow 
of 2 cum per square meter. On low CO, 
waters at 2 cum per square meter flow rate 
removals of aggressive CO. were: 
100% ; Kielce gray marble 20% ; and natural 
dolomite (Dolomite 80%.—Conrad P. 
Straub 


through 


Increasing the Efficiency of Cationic Fil- 
ters. E. I. PotuKarova.  Izvest. VTI 
(U.S.S.R.), 21:22 (752). Design and mech. 


Magno, 


improvements of water-softening filters are 
described. By virtue of these improvements 
the exchange capac. of the cationite rose 
from 500-600 to 800-900° per cubic meter. 
—CA 


Processes in Hydrogen Exchange Filters 
and Research on Hydrogen Exchange Fil- 
ters in the Laboratory. J. Leick. Vom 
Wasser (Ger.), 18:380 (’50-’51). Calcula- 
tion and methods of operating cation-ex- 
change resins in the H cycle are discussed 
for industrial use and for lab. research. 
Three basic methods are described for ion 
exchange on the H cycle: [1] begin the 
operation of deionizing with the filtrate hav- 
ing a residual hardness less than that of the 
combined mineral acid content of the raw 
H,O and ending with an increase of alky. 
in the filtrate; [2] begin the deionization 
with the filtrate having a residual hardness 
under 0.1° (1 German degree = 1 part CaO 
per 100,000 parts of H,O) and ending with 
a residual hardness over 0.1°; [3] begin the 
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operation with an acid value of the filtrate 
equal to the mineral acid content of the raw 
H.O and ending with an acid value smaller 
than the mineral acid content. Data are 
given for the regeneration of Group A resins, 
sulfonate type resins, and Group B resins, 
carboxylic type resins, with strong acids. 
Residual hardness, distribution of ions in the 
exhausted filter bed, and specific acid con- 
sumption (HCI) are given for raw water 
softened according to the three methods. 
Regeneration with H,SO, is compared with 
the HCl and was found to be less efficient 
than the HCl. Formulas and discussion are 
given for the calcn. of bed depths, bed vols., 
the effect of Na in the influent, and the 
buffer action of various ions. Specifications 
and datum format are given for the lab. 
research of these exchange resins.—CA 


Demineralization Builds Up an Excellent 
Operating Record. M. E. Brines. Power, 
96:94, 206 (’52). Both cation and anion 
exchangers are described. Deaeration is also 


part of the treatment. This treatment, how- 
ever, does not always remove insol. colloidal 
silica, although anal. of the finished water 
does not show its presence. Operating pro 
cedure is described in detail. Charts and 
tables are included—C A 


Dow’s Demineralizing Experience. M. EF. 
Brines. Power Eng., 56:82, 114 (52). 
Diagrams and cuts help explain the operat 
ing procedure in Dow’s Midland, Mich.. 
plant where combined cation and anion ex 
changers are in use.—CA 


WELLS AND GROUND WATER 


Geology and Ground Water Resources of 
the Kansas River Valley Between Law- 
rence and Topeka, Kansas. Sraniry N. 
Davis & W. A. Cartson. State Geol. Surv. 
Kansas Bul. No. 96:201 (52). This survey 
includes analyses of 24 samples of waters, 
mostly moderately hard calcium bicarbonate 
waters.—CA 


(Continued on page 70) 


M-SCOPE Pipe Finder 


New Hyde Park 


LIGHTWEIGHT MODEL 


Catalog No. 25K 


On Request 


JOSEPH G. POLLARD CO., INC. 


Pipe Line Equipment 
New York 


>, 
242% 
©. 
| 


Jan. 1953 JOURNAL AWWA 


WATER WORKS © FILTER PLANTS 
Me PROD inoustry 


Made-up Mechanical 
Joint cut away to show 
its design. 


Standard compression type fire hydrant made in 
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include easy assembly, low joint cost; de- 
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Geology and Ground Water Resources of 
Lane County, Kansas. GLENN C. Pres- 
cott Jr. State Geol. Survey Kansas Bul. 
No. 93 (’51). This study includes anals. of 
31 waters, mostly rather hard calcium bicar- 
bonate waters. The F content was high; 20 
samples contained 1-5 ppm of F; three 
others contained 6, 6, and 8 ppm of F.—CA 


Ground Water Resources of Pawnee Val- 
ley, Kansas. V. C. Fisuer. State Geol. 
Surv. Kansas Bul. No. 94 (’52). This 
survey includes anals. of 70 samples, mostly 
moderately hard calcium bicarbonate waters. 


Geology and Ground Water in the Char- 
lotte Area, North Carolina. H. E. Le- 
GRAND & M. J. MunporFr. N.C. Dept. Cons. 
& Devel., Div. Mineral Resources Bul. 
No. 63 (’52). This survey includes anals. 
of 49 water samples from seven counties. 
Waters derived from granitic rocks are nor- 
mally low in dissolved matter; those from 
dioritic rocks are higher in dissolved matter 
but are satisfactory for most uses.—CA 


Ground Water in the Vicinity of Trinidad, 
Colorado. W. J. Power. Colorado Wtr. 
Cons. Board, Ground Water Serv. Circ. No. 
3:1 (’52). Analyses of nine waters are in- 
cluded, most of which are very hard. Some 
contain much CaSO,—CA 


Ground Water Resources in the Vicinity 
of Kenmore Farms, Kendall County, 
Texas. W. O. Georce & W. W. 
Tex. Board Wtr. Engrs., Bul. No. 5204 
(52). The aquifer is a limestone. Seven 
anals. of calcium bicarbonate waters are 
given.—CA 


The Hydrochemistry of Ground and Well 
Waters in the Northern Rhineland. Mar- 
GARETA KELLER-HAFFENNEGGER & REINER 
Ketter. Forsch. Deut. Landeskunde (Ger.), 
50:1 (’51). Regional variations in hardness, 
Fe, and Mn content are given in the form of 
a map based on the avg. of thousands of 
anals. of the waters of the region —CA 


Using Radioactive Isotope to Trace Move- 
ment of Underground Water. Cyrir S. 
Fox. Munic. Util., 90:30 (Apr. 52). Wa- 
tertightness of proposed reservoir site to 
remove menace of flooding of Nile R. in 
Egypt investigated. Several questions on 
direct leakage into Faiyum basin, losses 
down mineralized fault fissures, and absorp- 
tion into strata forming floor of natural 
basin. First two questions studied by infil- 
tration from boreholes, but percolation prob- 
lem more difficult. “Catchment area” (al- 
most rainless region) 400 sq miles with max. 
depth 300’ (nearly 200’ below sea level). 
When filled to depth of 100’ above sea level, 
lake will have waterspread of nearly 300 sq 
miles. Annual loss by evapn. 6-9’. There 
are damp sands in deepest point of basin, 
and brine occurs in sands at shallow depths. 
Except for rare runoff rain and five low- 
mound springs of seeping brine, only source 
of replenishment for brine in sands three 
fresh-water springs with total discharge of 
not more than 10 gpm, which disappears 
into sand within a few yards. Nearest 
spring approx. 7 miles from deepest part 
of basin. Evidence suggests floor must be 
watertight. Confirmed by adding 10% soln. 
radioactive rubidium chloride (half-life 19 
days) to spring water at point of disappear- 
ance and detecting residual radioactivity in 
brine in sands 5 days later with “water moni- 
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tor.” Brine was more radioactive than 1: 
1,000,000 dilution of original 10% soln.— 
R. E. Thompson 


CANADIAN WATER SUP- 
PLIES—GENERAL 


Montreal Water Works Expands on Par 
With City’s Growing Population. Eng. 
Cont. Rec., 65:132 (May ’52). Montreal 
system supplies Montreal, Outremont, West- 
mount, and other municipalities; total pop. 
served 1,454,000. Per capita consumption 
119 gpd. Avg. consumption 128 mgd in ’40, 
169 in ’50. Items in °45 expansion program 
completed include new 300-mgd intake of 
4-7’ prestressed concrete pipe extending 
2,000’ into St. Lawrence R., which has im- 
proved raw water quality; addnl. battery of 
16 rapid sand filters, increasing filter capac. 
from 150 to 200 mgd; conversion of old 
slow sand filters into 15-mil gal storage res- 
ervoir; new high- and low-lift pumps; en- 
largement of McTavish pumping station to 


accommodate 3 new 30-mgd_ centrifugal 
pumps; and new transmission mains. Pump 
discharge valves and station outlet valves 
are spherical, the first such valves in Canada. 
Contemplated are: enlargement of filtration 
works to 300 mgd; new 35-mil gal reservoir ; 
and addnl. high-lift pumps, service reservoirs, 
and trunk mains.—R. E. Thompson 


Continued Development in Winnipeg Wa- 
ter Works. P. A. Rowe. Eng. Cont. Rec., 
65:107 (May 752). A 20-yr, $10,000,000 
plan of improvement includes: [1] constr. 
before 63 of second alkali-resisting, lock- 
joint concrete aqueduct from Shoal Lake by 
Greater Winnipeg Water Dist. at estd. cost 
$5,340,000; [2] erection of 80-mil gal reser- 
voir and pumping station in South Winnipeg, 
1960-65, by city, at estd. cost $1,322,500; 
[3] feeder mains at estd. cost $3,997,859, to 
be constructed from $200,000 appropriation 
each year for 10 yr and $300,000 for succeed- 
ing 10 yr. The estd. pop. of city in ’70, 
270,000, increase 32,000; of district, 440,000, 
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increase of 77,000. The estd. avg. and max. 
consumption by Winnipeg and municipalities 
served by city, 35 and 48 mgd, resp., in ’70. 
Present aqueduct from Shoal Lake to Deacon, 
13 miles from city, 85 mgd, but to St. Boni- 
face booster station only 50 mgd, and to 
North Winnipeg reservoir 40 mgd; these 
capacs. will serve only until 63. Secondary 
mains will be of asbestos cement, found to 
resist soil corrosion and electrolytic action.— 
R. E. Thompson 


New Concrete Supply Main to Bring Wa- 
ter to Old Quebec. Eng. Cont. Rec., 65:90 
(Mar. ’52). New 7.5-mile precast line, 36- 
48” diam., chiefly 42”, from Lake St. Charles, 
more than 100’ above highest city el, will 
supplement existing 40” c-i. line and provide 
200 psi pressure where it joins distr. system. 
Ditch excavated to an avg. depth of 12’ be- 
tween two rows steel piles, 10-14” base of 
reinforced concrete poured in two courses, 
and pipe laid and anchored by rod type steel 
straps to bolts set in top course. Expected 
piles will be used three times before replace- 
ment. Avg. cover 6-8’ well below usual 
frost limit of 3-5’. At two river crossings, 
both new line and old line (formerly carried 
on steel bridges) will be placed under water. 
Estd. cost $3,500,000.—R. E. Thompson 


Renfrew’s (Ontario) New Water Supply 
System Meets Needs of Town’s Expan- 
sion. E. M. Proctor. Munic. Util., 90:25 
(Mar. ’52). Pop. in excess of 7,000. New 
filter plant constructed at cost of $300,000. 
Bonnecheré R. source of supply since approx. 
1900. New works include 16” c-i. intake, 
self-washing traveling screen, two elec. 1-mgd 
vertical centrifugal low-lift pumps, alum, 


carbon, and lime dry feeders, flash mixing 
basin, flocculators, clarifier (2.5 hr deten- 
tion), two rapid sand filters (total capac. 
1.15 mgd) contg. 14” graded gravel and 24” 
sand over Miller block bottom and equipped 
with Palmer agitators, 0.5-mil gal filtered 
water reservoir, and two elec. 1-mgd_ high- 
lift pumps. Alum and carbon fed before and 
lime and chlorine subsequent to filtration. 
Standby pumps, low- and high-lift, driven by 
diesel engines.—R. E. Thompson 


Drummondville’s (Quebec) New Water 
Supply System Provides for City’s Rapid 
Expansion. Louis Crepeau. Maunic. Util., 
90:21 (May ’52). Pop. increased 400% in 
20 yr. New 3-mgd filter plant, adjoining 
but operated independently of older 1.5-mgd 
plant, consists of 30” concrete intake pipe in 
St. Francis R., two low-lift horizontal cen- 
trifugal pumps, one driven by elec. motor and 
other by gasoline engine, dry feeders for 
alum and lime, 30-min mixing basin, two 
coagulation basins providing 4 hr retention, 
four 0.75-mgd rapid sand filters contg. 18” 
graded gravel and 27” sand overlying per- 
forated brass laterals and equipped with 
Palmer agitators, and elec. and gasoline 
engine-driven high-lift pumps. Both pre- 
and postchlorination employed. Pressure 100 
psi normally, 125 psi for fire. Fire insurance 
rates among lowest in province.—R. E. 
Thompson 


Canada’s Oldest Water Supply System. 
W. R. Goprrey. Munic. Util., 88:22, 32 
(50). An historical acct. is given of the 
public water supply system of St. John, 
N.B., since its inception in 1838. Water was 
originally drawn from Lily Lake, but this 
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P. O. Box 307 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each. 
Inquiries Solicited 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 
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WORTHINGTON - GAMON 


JOURNAL AWWA 


WATCH DOG 


The meter used by 
thousands of munic- 
ipalities in the U. S. 


“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 


Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG | 


LIFE. 


WATER METERS 


Before you invest in water meters, 
get acquainted with the design and 
performance advantages which 
make Worthington-Gamon Watch 


Dog Water Meters first choice of 
sO many municipalities and private 
water companies in the United 
States. 


WORTHINGTON-GAMON 
METER DIVISION 
Worthington Corporation 
296 SOUTH STREET, NEWARK 5, NEW JERSEY 


OFFICES IN ALL PRINCIPAL CITIES 
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source proved inadequate in quality and quan- 
tity, and an impounding reservoir was con- 
structed on Little R. At present the section 
of the city on the west bank of the St. John 
R. obtains water from Spruce Lake; this 
supply can be supplemented by 2 mgd from 
underground sources. East St. John is sup- 
plied by water from Loch Lomond. It is 
felt that most intestinal bacteria perish before 
reaching the intakes. The only treatment 
given to both supplies is chlorination. Both 
waters are very soft; water from Loch 
|Lomond has a hardness of 15 ppm and water 
from Spruce lake 10 ppm. Together they 
supply 25 mgd to a pop. of 80,000.—WPA 


Calgary’s (Alberta) Water Supply and Its 
Operating Problems. W. E. Robinson. 
Munic. Util., 88:25, 40 (’50). The Glen- 
more water works at Calgary was designed 
to treat 28 mgd of water but with the rapid 
growth in pop. and increase in consumption 


49 the pop. increased from 85,000 to 110,000 
and the avg. consumption increased from 
16.4 to 23.7 mgd, with a peak consumption of 
50 mgd in June. To increase supplies, the 
height of the dam has been raised and the 
capac. of the sand filters has been increased 
to 38 mgd by more efficient operation. To 
reduce consumption, measures are being 
taken to prevent leakage from pipes and 


reservoirs.—WPA 


New All-welded Stee! Standpipe at St. 
Foy, Quebec, Has Million Gallon Capac- 
ity. E. Nessitr. Eng. Cont. Rec., 64:84 
(Nov. ’51). New standpipe, 96’ high and 
46’ in diam., has reinforced concrete founda- 
tion and dome roof and is provided with 
cathodic rust prevention system. Nine elec- 
trodes, 90’ long, suspended from spokelike 
framework under roof. Steel plates vary in 
thickness from 1” at bottom to 3?” at top of 
tank. Pressure maintained in mains 40-90 psi 


as required. Continuous pumping no longer 
necessary.—R. FE. Thompson 


of water per head, problems in the supply and 
distr. of water have arisen. During 1934 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 
Can be used for any de- 


termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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NO NEED 


to specify over-sized pipe... 


<= NO WORRY 


over low flow capacity .. . 


NO NEED 
to buy bigger and bigger pumps... 


... When you protect pipe lines 


with BITUMASTIC’ 70-B ENAMEL 


RB. lines don’t “shrink’’ when the 
interior surfaces are coated with a spun 
lining of Bitumastic 70-B Enamel . . . 
because this durable enamel prevents 
rust, corrosion, incrustation and 
tuberculation. 

When the inside diameter of your 
pipe line stays the same through the 
years, you select pipe solely on the 
basis of desired capacity. You don’t 
waste money by specifying over-sized 
pipe in order to allow for future 
“shrinkage.”’ When your pipe line’s 
coefficient of flow stays high, you don’t 


have to replace pumps with bigger ones 
that cost more to buy and operate. 
Bitumastic 70-B Enamel is equally 
effective in protecting exterior sur- 
faces of pipe lines. It prevents pitting 
and leakage caused by soil corrosion. 
Give your steel pipe lines lasting pro- 
tection, inside and out, with Bitumas- 
tic 70-B Enamel. Write for details. 


| BITUMASTIC 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 1051, Pittsburgh 19, Pa. 
District Offices: Boston, Chicago, Los Angeles, New York, Pittsburgh, and Woodward, Alabama 
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Wisconsin Section: The Wisconsin 
Section held its thirty-first annual meet- 
ing in Madison at the Hotel Loraine on 
September 16-18, 1952. For the second 
consecutive year a new attendance rec- 
ord was made, as a total of 314 persons 
registered. 

The Fuller Award Committee reported 
no award for the current year. The Sec- 
tion voted to confer a Citation of Appre- 
ciation, however, on a “true friend of the 
Wisconsin Section and a loyal promoter 
of membership in the American Water 
Works Association—Francis Cunning- 
ham.” 

As is usual with the Wisconsin Section, 
the program was divided into four ses- 
sions—Surface Water, Ground Water, 
Distribution and Pumping, and General 
—with half a day devoted to each. Each 
session, was opened by a movie and in- 
cluded two prepared papers and a panel 
discussion. 

The Surface Water Session, held on 
Tuesday afternoon, September 16, opened 
with Chairman Edward F. Tanghe pre- 
siding. Mayor George Forster, of Madi- 
son, welcomed the group and discussed 
the businesslike functioning of the Madi- 
son Water Dept. The Chairman then 
spoke briefly of the present economic 
situation and the value of meetings of 
this kind, enabling water works operators 
to keep abreast of the times. After the 
report of the Secretary-Treasurer, Leon 
A. Smith, the meeting was turned over 
to Bruno J. Hartman, Chairman of the 
Surface Water Session. A paper was 
presented on “Water Levels of the Great 
Lakes,” prepared by Col. Kumpe of the 
U.S. Army Engineers and presented by 
George Wesler. 


E. F. Bean, state geologist of Madison, 
next presented a paper on “Surface Wa- 
ters in Wisconsin.” In the panel dis- 
cussion which followed, W. U. Gallaher 
of Appleton briefly discussed the treat- 
ment of the Appleton surface water sup- 
ply, George Steinmetz of the Wisconsin 
Public Service Commission talked on 
some of the commission’s responsibilities 
for water supplies, H. J. Draves of Michi- 
gan City, Ind., talked on the effect of 
high lake levels on his filtration plant. 
Harvey Wirth, assistant state sanitary 
engineer, discussed briefly the possibility 
of recharging the underground water sup- 
ply in the Milwaukee area. Harry Jor- 
dan called attention to the fact that this 
was quite a common procedure in certain 
areas in California and on Long Island. 

On Tuesday evening an informal lunch 
and entertainment were held. 

Vice-Chairman William F. Leistikow 
presided at the Ground Water Session on 
Wednesday morning, and gave a brief 
account of the three gravel-wall wells 
which Wausau recently put in operation. 

A movie entitled “Waters of the Com- 
monwealth” was shown. This picture, 
in color and sound, was furnished by the 
Standard Oil Co. William A. McEIl- 
hiney presented a paper on “The Con- 
struction anc Development of Deep Wells 
in Wisconsin.” H. S. Merz gave an 
interesting talk on “Drilling Wells in the 
Glacial Drift at Rockford, Ill.” Joseph 
Lustig, city engineer of Janesville, re- 
ported on gravel wall wells in his area. 
Eugene R. Kelly, district engineer of the 
State Board of Health at Rhinelander, 
related his experience in trying live steam 
and other unconventional methods for re- 
habilitating gravel wall wells. 


(Continued on page 80) 
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Able 


No matter what your problem... large 
plant or small... primary or complete 
treatment... Rex engineers are ready, 
willing and able to give you a helping 
hand. They can assist you in selecting 
and specifying the best piece of equip- 
ment for your particular plant. Round 
tank... rectangular tank. . . Verti-Flo” 
... Slo-mixers ... flash mixers. . . their 
wide experience makes them well 
qualified to recommend equipment 
which will give longest trouble-free 
Rex Floctrol service at lowest overall cost. 
For details write for Bulletin 51-83, 
or call your nearest Chain Belt Field 
Sales Engineer. Chain Belt Company, 
4609 W. Greenfield Ave., Milwaukee 
1, Wisconsin. 


| 


q 


Rex Tow-Bro Sludge Remover 


Rex Slo-Mixers and Flash Mixers 


SANITATION EQUIPMENT 


| 
= 
‘ 
L 
Rex Conveyor Sludge Collectors 
CHAIN 
Compan™ ® 
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A luncheon was held Wednesday noon 
at which AWWA Secretary Jordan dis- 
cussed the expensive changes required in 
distribution systems by highway pro- 
grams, and he recommended that the 
members of the section assemble records 
of these costs so that they could be cited 
when the federal government is asked to 
include them in federal highway con- 
struction costs. Harold Londo of Green 
Bay was selected chairman of the com- 
mittee to assemble this information. 

Chairman Hubert J. Evers presided at 
the Distribution and Pumping Session 
held Wednesday afternoon, after a movie, 
“The Manufacture of Cast-Iron Pressure 
Pipe,” had been shown by the Cast Iron 
Pipe Research Assn. ‘Two papers were 
presented—one on “Automatic Controls” 
by J. S. Williams of the Automatic Con- 
trol Co., and the other, “Red Water and 
Its Prevention,” by Philip S. Davy, con- 
sulting engineer of La Crosse. A panel 
discussion which followed included the 
two speakers, together with Harvey E. 
Wirth of the State Board of Health and 
KE. Tournow of the Appleton Water Dept. 

The banquet was held Wednesday eve- 
ning, September 17. © Leon Smith was 
h@ndted for hi€~25 years as secretary of 
the Wisconsin Section—the longest rec- 
ord of service in this capacity*in the 
AWWA. Walter Peirce, manager of the 
Racine Water Dept., spoke on behalf of 
the water works operators and Carl 
Brown, president of the manufacturers 
association, spoke on behalf of the manu- 
facturers. Secretary Smith was presented 
with a very finesftelevision set, complete 
with radio and*yecord player. Many 
telegrams and letters of congratulation 
were received, some of which were read 
at the banquet. In addition, Secretary 
Jordan presented an AWWA Life Mem- 
bership certificate to Secretary Smith in 
recognition of his continuous membership 
since 1916, a period of over 30 years. 
Similar certificates were presented to Ed 
Brown of Eau Claire and Walter Peirce. 
An excellent floor show followed. 


(Continued from page 78) 


The final session was held Thursday 
morning, and Zenno A. Gorder presided 
over this last General Session. A movie, 
“1951 Big Ten Grid Highlights” was 
shown to start the program. It was well 
received and interested many members 
attending. ‘The first paper, “Management 
of Municipal Water Utilities,” was pre 
sented by John C. Doerfer, chairman ot 
the State Public Service Commission. 
The second paper, “Water Main Exten- 
sion Records,” was presented by O. P. 
Deuel, also of the Public Service Com- 
mission of Wisconsin. The third paper, 
“Artificial Rainmaking,” by V. E. Soumi, 
chairman of the Dept. of Meteorology at 
the Univ. of Wisconsin, dealt with a topic 
of current interest, and was entertaining 
as well as enlightening. 

The panel discussion which followed 
was led by John C. Doerfer, O. P. Deuel, 
P. A. Reynolds, rate analyst, and Arthur 
P. Kuranz, superintendent of the Wau- 
kesha water utility. 

State Chairman Edward F. Tanghe 
closed the session, expressing thanks to 
the committees responsible for the success 
of the entire meeting and to the various 
speakers, and introduced the 1952 Chair- 
man-Elect, William F. Leistikow, super- 
intendent of the Wausau Water Works, 
to the members. 

Leon A. SMITH 
Secretary-Treasurer 


North Carolina Section: The thirty- 
second annual joint meeting of the 
AWWA North Carolina Section and the 
North Carolina Sewage & Industrial 
Wastes Assn. was held at the Skyland 
Hotel in Hendersonville on November 
10-12, 1952. The natural beauties of the 
city, located in the Blue Ridge Mountains, 
together with the well-planned entertain- 
ment by the host city, helped to make it 
a well-attended and successful meeting. 
The total registration of 261, including 37 
ladies, exceeded all previous registrations, 
except for the vears 1928 and 1929. 

The meeting was officially opened on 


(Continued on page 82) 
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**Southern’s” new 


STEAM-COTE 


process 


“Southern’s” new exterior cement mortar 
coating process offers many new values. 
Typical of these is the unvarying control 
of the mortar’s water content. This factor 
assures high early set and resistance to frac- 

G 8 rd ; 4 hick ALL TYPES OF COATINGS 
ture. Greater density and exact thickness “Southern” can apply any spec- 
tolerances are also achieved through mini- ified type of protective coating 
mizing of rebound. or wrapping, such as coal tar 

ae f irall d enamel, asphalt, or rust-inhib- 
Rein orcing of one or more spirally woun iting paints. Cement mortar 
steel wires is applied simultaneously with can also be applied over these 
the mortar and uniformly imbedded in the _¢0#iM8S to provide a “shield 
e é for protection in handling and 
center of the coating, as shown. Wire mesh installation. 
or any other specified reinforcing material, 
can also be supplied. 
NEW 42 PAGE CATALOG. Contains 
valuable price, weight and 


engineering data. A copy will be ty 
sent free upon request. ee 


FUSION 


WELDED = Arrow Highway and Irwindale Avenue + Azusa, California 
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Monday morning with Chairman Davis 
presiding. The invocation, given by Rev. 
James P. Burke, was followed by a cor- 
dial address of welcome by Mayor A. V. 
Edwards of Hendersonville. The tech- 
nical session was begun by W. F. Stokes, 
superintendent of the Hendersonville 
Board of Water Commissioners, who pre- 
sented an interesting paper entitled “Hen- 
dersonville Water Works.” This was 
followed by a talk on the subject “Fluori- 
dation Practices” by Walter M. Franklin, 
superintendent of the Water & Sewage 
Dept., Charlotte, N.C. 

The honorary luncheon for national of- 
ficers and guests featured an address by 
Charles H. Capen, AWWA President, 
and E. Sherman Chase, FSIWA Presi- 
dent. The luncheon was followed by a 
very interesting joint water and sewage 
works discussion panel during which short 
talks were given on the subjects “Modern 
Instruments as Aids to Water Plant Op- 
eration,” “Use of Meter Master in 
Winston-Salem,” “Home-Made Alarms 
and Controls,” “Selection and Use of Pro- 
tective Coatings,” “Sewer Use Ordi- 
nance,” and “The Maintenance of Sewage 
Collection Systems.” All of these talks 
were interestingly presented and encour- 
aged considerable from the 
floor. 

The Tuesday morning was 
opened with a paper entitled ‘Mainte- 
nance and Repairs to Cathodic Protection 
Systems,” by F. J. LeFebvre of Electro 
Rust-Proofing Corp., Belleville, N.J., 
which was discussed by Herbert F. Finck, 
power and hydraulic engineer, Ecusta 
Paper Corp., Pisgah Forest. The re- 
mainder of the morning program was 
devoted to the general theme of “Meeting 
the Needs of North Carolina’s Industrial 
and Community Growth.” The subjects 
and speakers were: “Forecasting North 
Carolina’s Industrial and Community 
Growth,” by Brandon P. Hodges, state 
treasurer; “Planning Water and Sewage 
Facilities for Future Growth,” by H. E. 
Beckwith, Pitometer Co., and P. D. Davis. 
Piatt & Davis, consulting engineers; and 


discussion 


session 
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“A Proposal for Solving Water and Sew- 
age Needs for Suburban Areas,” by 
Jackson T. Ramseur, Gaston County 
health officer, and W. N. Long, chief 
sanitary engineer, Gaston County Health 
Dept. 

Tuesday afternoon was devoted to an 
inspection trip to the Ecusta Paper Corp. 
plant at Pisgah Forest. 

The Annual Banquet took place on 
Tuesday evening with an attendance of 
217 members and guests. The George 
Warren Fuller Memorial Award was 
presented to the committee’s 1952 nomi- 
nee—H. F. Davis, who is district man- 
ager of Wallace and Tiernan Co., Inc., 
Charlotte, N.C., and Section Chairman 
for 1952—by AWWA President Charles 
H. Capen. The Maffitt Membership Cup 
was awarded to Harry J. Siebert of 
Charlotte, for obtaining the greatest num- 
ber of new members for the section. 
The address of the evening was delivered 
by Alan Newcombe of Greenville, S.C. 

The Wednesday morning program was 
devoted to a discussion of previous tech- 
nical papers and a most interesting paper 
entitled “The Use of Tonnage Oxygen in 
Sewage Treatment,” presented by Dan 
Okun, associate professor of sanitary en- 
gineering at the School of Public Health, 
Univ. of North Carolina. The close of 
the technical session was followed by the 
annual business meeting, at which new 
officers were elected and committee re- 
ports were presented. 

Social events, aside from the annual 
banquet and dance, included a_ barbecue 
dinner and entertainment featuring the 
Echo Inn Clog Team, given by the 
Hendersonville Board of Water Commis- 
sioners and Chamber of Commerce. A 
luncheon for the ladies at the Elks Club 
was followed by a tour of localities and 
club room entertainment provided by the 
manufacturers. These activities were 
splendidly handled by the Local Arrange- 
ments Committee and Club Room Com- 
mittee and proved most enjoyable. 

E. C. HuBBARD 
Secretary-Treasurer 
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Here’s Dual Economy— 


HAYS DUO-STOP . . . Corporation Stop and saddle 
combined for installation on small service lines. 

HAYS Main Drilling Machine . . . an economical 
device for drilling the main, through the Duo-Stap or 
other types of Corporation Stops. 

These are only two of the hundreds of items in the 
complete Water Works line made by HAYS. 


Write for literature or ask ‘‘The Man from Hays” 


Water Works Products 


HAYS MANUFACTURING CO. 
ERIE, PA. 
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Activated Carbon 
Industrial Chemical Sales Div. 
Permutit Co. 


Aerators (Air Diffusers) : 
American Well Works 
Infilco Inc. 

Permutit Co. 


Air Compressors: 
Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 
Morse Bros. Mchy. Co. 
Worthington Pump & Mach. Corp. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div. 

General Chemical Div. 

Ammonia, Anhydrous: 

General Chemical Div. 


Ammoniators: 
Proportioneers, Inc. 
Wallace & Tiernan Co., Inc. 


Brass Goods: 
American Brass Co. 
M. Greenberg's Sons 
Hays Mfg. Co. 

ames Jones Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 


Carbon Dioxide Generators: 
Infilco Inc. 
Walker Process Equipment, Inc. 


Cathodic Protection: 
Electro Rust-Proofing Corp. 


Cement Mortar Lining: 
Centriline Corp. 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Warren Foundry & Pipe Corp. 


Chemical Feed Apparatus: 
Cochrane Corp, 
Infileo Inc. 
Omega Machine Co. 
ers Iron Fdry.) 
Permutit Co 
Proportioneers, Inc 
Ross Valve Mfg. Co. 
Simplex Valve & Meter Co 
Wallace & Tiernan Co., Inc 


Chemists and Engineers; 
(See Prof. Services, pp. 25-29) 
Chlorination Equipment: 
Builders-Providence, Inc. 
Proportioneers. Inc 

Wallace & Tiernan Co, Inc 
Chlorine Comparators: 
Hellige, Inc 

Klett Mfg. Co 

Wallace & Tiernan Co., Inc. 
Chiorine. Liquid: 

Solvay Process Div. 

Wallace & Tiernan Co., Inc 


Clamps and Sleeves, Pipe: 
ames B. Clow & Sons 

Jresser Mig. Div. 

M. Greenberg's Sons 

ames Jones Co. 

McWane Cast Iron Pipe Co. 
Mueller Co. 

Pacific States Cast Iron Pipe Co. 
Rensselaer Valve Co. 

Skinner, M. B., Co. 

A. P. Smith Mfg. Co. 
Smith-Blair, Inc. 

Clamps, Bell Joint: 
Carson-Cadillac Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 

Skinner, M. B., Co. 
Smith-Blair, Inc. 


(Div., Build- 


Clamps, Pipe Repair: 

James B. Clow & Sons 

Dresser Mfg. Div. 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Skinner, M. B., 

Smith-Blair, Inc. 

Warren Foundry & Pipe Corp. 
Clarifiers: 

American Well Works 

Belco Industrial Equipment Div. 
Chain Belt Co. 

Cochrane Corp. 

Dorr Co 

Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 
Cleaning Water Mains: 


National’ Water Main Cleaning Co. 


Condensers: 

United States Pipe & Foundry Co. 

Contractors, Water Supply: 

Boyce Co., Inc. 

Layne & Bowler, Inc. 

Controllers, Liquid Level, 
Rate of Flow: 

Builders-Providence, Inc. 

Infilco Inc. 

Simplex Valve & Meter Co 

Sparling Meter Co., Inc. 

Copper Sheets: 

American Brass 

Copper Sulfate: 

General Chemical Div. 

Phelps Dodge Refining Corp. 

Tennessee Corp. 

Corrosion Control: 

Calgon, Inc. 

Dearborn Chemical Co. 


Couplings, Flexible: 
DeLaval Steam Turbine Co. 
Dresser Mfg. Div. 
Philadelphia Gear Works, Inc. 
Smith-Blair, Inc. 


Diaphragms, Pump: 


Dorr Co 
Morse Bros. Mchy. Co. 


Distribution System Analyz- 


ers: 
Standard Electric Time Corp. 
Engines, Hydraulic: 

Ross Valve Mfg. Co. 
Engineers and Chemists: 
(See Prof. Services, pp. 25-29) 
Feedwater Treatment: 
Allis-Chalmers Mfg. Co. 

Belco Industrial Equipment Div. 
Calgon, Inc 

Cochrane Corp. 

Dearborn Chemical Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Worthington Pump & Mach. Corp. 
Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 
Johns-Manville Corp. 

Infileo Inc. 

Northern Gravel Co. 

Permutit Co. 

Filters, incl. Feedwater: 
Cochrane Corp. 

Dorr Co 

Infileo Inc. 


Morse Bros. Mchy. Co. 
Permutit Co 


Refinite Sales Co. 
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Roberts Filter Mfg. Co. 
Ross Valve Mfg. Co. 


Filtration Plant Equipment: 

Chain Belt Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc 

Infilco Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Permutit Co. 

Roberts Filter Mfg. Co. 

Stuart Corp. 

Welsbach Corp., 
Div. 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg’s Sons 

Hays Mfg. Co. 

ames Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 


Fittings, Tees, Ells, ete.: 
American Cast Iron Pipe 
Carlon Products Corp. 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Crane Co. 
Dresser Mfg. Div. 
ones Co. 

ennedy Valve Mfg. Co. 
M & H Valve & Fittings Co. 
McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
United States Pipe & ey Co 
Warren Foundry & Pipe Corp. 
R. D. Wood Co 


Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr Co. 

Infileo Inc. 

Permutit Co. 

Stuart Corp. 

Walker Process Equipment, Inc 


Fluoride Chemicals: 

American Agricultural Chemical Co. 
Blockson Chemical Co. 

Fluoride Feeders: 
Builders-Providence, Inc 

Omega Machine Co 

Wallace & Tiernan Co., Inc. 
Furnaces: 

Jos. G. Pollard Co., Inc. 


Furnaces, Joint Compound: 
Northrop & Co., Inc. 


Gages, Liquid Level: 
Builders-Providence, Inc 
Infilco Inc. 
Simplex Valve & Meter Co 
Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 
Builders-Providence, Inc. 
Infilco Inc. 
Northrop & Co., Inc. 
Simplex Valve & Meter Co. 
Sparling Meter Co., Inc. 
Gasholders: 
Chicago Bridge & lron Co 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
James B. Clow & Sons 
Northrop & Co., Inc. 
Smith-Blair, Inc. 
Gates, Shear and Sluice: 
Armco Drainage & Metal 
Inc 
James B. Clow & Sons 
Morse Bros Mchy. Co. 
Mueller Co. 
R. D. Wood Co. 


Build- 
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how to save... 
aquarter million dollars 


A large mid-western city recently was faced with this 
problem. Within eight years after the water treatment 
plant was placed in operation, the submerged steel showed 
active corrosion of alarming proportions — the warning of 
a possible loss of a quarter million dollar investment. 
Various coatings were tested for possible application, but 
none of those tested was considered satisfactory. 


It was then that the ERP man was called in. At approxi- 
mately half the cost of sand blasting and coating, and with 
no surface preparation or long outage time, an ERP ca- 
thodic protection system was installed to protect all sub- 
merged steel in the treatment equipment. After three years 
there has been no further corrosion, and an appreciable 
saving in maintenance has been realized ! 


This is a typical example of ERP at work. Whether your 
corrosion problem involves a tank, basin, deep well, water 
works treatment structure, or pipe line it will be worth your 
while to discuss it with your ERP man. His expert advice 
may save you dollars tomorrow. 
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ELECTRO RUST-PROOFING CORP. (N. J.) 


BELLEVILLE 9, NEW JERSEY 
Represented in Principal Cities in the United States 


Over 15 years of cathodic protection 
engineering, research and development 
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Gears, Speed Reducing: 

DeLaval Steam Turbine Co. 

Philadelphia Gear Works, Inc. 

Glass Standards—Colorimetric 
Analysis Equipment: 

Hellige, Inc. 

Klett Mfg. Co. 

Wallace & Tiernan Co., Inc 


Goosenecks (with or without 
Corporation Stops): 

ang B. Clow & Sons 

ays Mfg. Co. 

{2 mes Jones Co. 

fueller Co. 

A. P. Smith Mfg. Co. 


Hydrants: 
James B. Clow & Sons 
Darling Valve & Mfg. Co 
M. Greenberg’s Sons 
Co. 

ennedy Valve Mfg. Co. 
John C. Kupferle Foundry Co. 
M & H Valve & Fittings Co. 
Mueller 
Pacific States Cast Iron Pipe Co. 
A. P. Smith Mfg. Co. 
Rensselaer Valve Co. 
R. D. Wood Co. 
Hydrogen lon Equipment: 
Hellige, Inc. 
Wallace & Tiernan Co., Inc. 
Ion Exchange Materials: 
Cochrane Corp. 
Hungerford & Terry, Inc. 
Infileo Inc. 
Permutit Co. 
Refinite Sales Co. 
Roberts Filter Mfg. Co. 
Rohm & Haas Co. 


Iron Removal Plants: 

American Well Works 

Belco Industrial Equipment Div. 

Chain Belt Co, 

Cochrane Corp. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div. 

Jointing Materials: 

Atlas Mineral Products Co. 

Hydraulic Development Corp 

Leadite Co., Inc. 

Northrop & Co., Inc. 

Joints, Mechanical, Pipe: 

American Cast Iron Pipe 

Carson-Cadillac Co. 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

Dresser Mfg. Div. 

McWane Cast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co. 

United States Pipe & Foundry Co. 

Warren Foundry & Pine Corp 

R. D. Wood Co. 


Leak Detectors: 
Jos. G. Pollard Co., Inc. 


Lime Slakers and Feeders: 

Dorr Co. 

Infileo Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Permutit Co. 


Magnetic Dipping 
W. S. Darley & Co. 


Meter Boxes: 

Art Concrete Works 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div 
‘Meter Couplings and Yokes: 
Badger Meter Mtg. Co. 

Dresser Mfg. Div. 


Build- 


Needles: 
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Co. 


James Jones Co. 

Mueller Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Smith-Blair, Inc. 

Worthington-Gamon Meter Co 

Meter Reading and Record 
Books: 

Badger Meter Mfg. Co. 

Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Meters, Domestic: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co. 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. 

Infileo Inc. 

Simplex Valve & Meter Co. 

Sparling Meter Co., Inc. 

Meters, Industrial, 
cial: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Builders-Providence, Inc. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Simp'ex Valve & Meter Co. 

Sparling Meter Co., Inc. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co 

Mixing Equipment: 

Chain Belt 

Infilco Ine. 

Walker Process Equipment, Inc. 

Ozonation Equipment: 

Welsbach Corp., Ozone 
Div. 

Pipe, Asbestos-Cement: 

hns-Manville Corp. 
<easbey & Mattison Co. 

Pipe, Brass: 

American Brass Co. 

Vipe, Cast Iron 
American Cast Iron 

Cast Iron Pipe 

James B. Clow & Sons 

Crane Co. 

McWane Cast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co. 

United States Pipe & Foundry Co 

Warren Foundry & Pipe Corp 

R. D. Wood Co. 

Pipe, Cement Lined: 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

McWane Cast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co. 

United States Pipe & Foundry Co. 

Warren Foundry & Pipe Corp 

R. D. Wood Co. 

Pipe Coatings and Linings: 

The Barrett Div 

Cast Iron Pipe Research Assn 

Centriline Corp. 

Dearborn Chemical Co. 

Koppers Co., Inc. 

Reilly Tar & Chemical Corp. 

Warren Foundry & Pipe Corp. 

Pipe, Concrete: 

American Pipe & Construction Co. 

Lock Joint Pipe Co. 


Commer- 
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Pipe, Copper: 

American Brass Co. 

Pipe Cutting Machines: 
James B. Clow & Sons 
Ellis & Ford Mfg. Co. 

Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 


Pipe Jointing Materials; 
Jointing Materials 


Pipe Locators: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc 


Pipe, Plastic: 

Carlon Products Corp. 

Pipe, Steel: 

Armco Drainage & Metal Products, 


nc. 
Bethlehem Steel Co. 


Pipelines, Submerged: 
Boyce Co., 


Plugs, Removable: 

a B. Clow & Sons 

os. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

Warren Foundry & Pipe Corp. 
Potentiometers: 

Hellige, Inc. 


Pressure Regulators: 
Allis-Chalmers Mfg. Co. 
Mueller Co. 
Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
DeLaval Steam Turbine Co. 
Peerless Pump Di 
Machinery Corp. 
Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Economy Inc. 
Morse Bros hy. Co. 
Peerless Pump Div., Food 
Machinery Corp. 
Worthington Pump & Machinery 
Corp. 
Pumps, Chemical Feed: 
Infilco Inc. 
Proportioneers, Inc. 
Wallace & Tiernan Co., Inc 
Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Diaphragm: 
Dorr Co. 
Morse Bros. Mchy. Co. 
Pumps, Hydrant: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 
Pumps, Hydraulic Booster: 
Ross Valve Mfg. Co. 
Pumps, Sewage: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Economy Pumps, inc. 
Peerless Pump Div., Food 
Machinery Comp. 
Pumps, Sump 
DeLaval Steam P Turbine Co 
Economy Pumps, Inc. 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Turbine: 
DeLaval Steam Turbine Co. 
Layne & Bowler, Inc. 
Peerless Pump Div., Food 
Machinery Corp. 
Recorders, Gas Density, COs, 
NHsz, SO2, ete.: 
Permutit Co. 
Wallace & Tiernan Co., Inc 
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ALL 
YOU 


A RATCHET AND OPEN END 
@ WRENCH, THREE RUBBER 
@ Gaskets, THREE CAST IRON 


FOLLOWER RINGS AND A HAND FULL OF 


BOLTS AND NUTS TO INSTALL 


SMITH CUT IN VALVE & SLEEVE 


Gone ore the days of—large costly excavations Iting furnaces and 
pouring pots—pouring and caulking lead joints—when the New All Mechan- 
ical Joint Smith Cut In Valve and Sleeve is used 

The Cut In Valve can be installed rapidly, in fair or stormy weather on Cast 
lron A.W WA. ond Federal specification water mains, by unskilled labor, 
using only two wrenches 

Moulded rubber gaskets fit into machined “Stuffing Box” type joints, guor- 
anteeing o permanent leak-proof seal 

Smith Cut In Valves are manufactured in compliance with the AWWA 
Gate Valve specification, and all parts are interchangeable with like parts 
of Smith A.W W A. Gate Valves 

Write for Bulletin No MJ2 


THE SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 


NEED 
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Recording Instruments: 

Infilco Inc. 

Sparling Meter Co., Inc. 

Wallace & Tiernan Co., Inc 

Keservoirs, Steel: 

Chicago Bridge & Iron Co 

Pittsburgh-Des Moines Steel Co 

Sand Expansion Gages; 
Gages 

Sleeves; see Clamps 


Sleeves and Valves, 
James B. Clow & Sons 
M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co 

Sludge Blanket Equipment: 
Cochrane Corp. 

Permutit Co. 

Seda Ash: 

Solvay Process Div. 

Sodium Hexametaphosphate: 
Blockson Chemical Co. 

Calgon, Inc. 


Softeners: 

Belco Industrial Equipment Div. 

Cochrane Corp. 

Dearborn Chemica! Co. 

Dorr Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Refinite Sales Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Worthington Pump & Mach. Corp. 

Softening Chemicals and Com- 
pounds: 

Calgon, Inc. 

Infileo Inc. 

Permutit Co. 

Tennessee Corp. 

Standpipes, Steel: 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co 

Steel Plate 

Bethlehem Steel C 

Chicago Bridge & = Co. 

Pittsburgh-Des Moines Steel Co 

Stops, and Corporation: 

Hays Mfg. Co. 

ames Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Storage Tanks; see Tanks 

Strainers, Suction: 

James B. Clow & Sons 

M. Greenberg's Sons 

R. D. Wood Co. 

Surface Wash Equipment: 

Permutit Co. 

Swimming Pool Sterilization: 

Omega Machine Co. (Div., Build- 
ers Iron Fdry.) 

Proportioneers, Inc. 

Wallace & Tiernan Co., 

Welsbach Corp., Ozone 
Div 

Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co 

Pittsburgh-Des Moines Steel Co 

Tapping Machines: 

Hays Mfg. Co 


see 


Tapping: 


Inc 
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Mueller Co. 

A. P. Smith Mfg. Co. 

Taste and Odor Removal: 

Cochrane Corp. 

Industriai Chemical Sales Div 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 

Wallace & Tiernan Co., 

Welsbach Corp., 
Div. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 

Hellige, Inc. 

Wallace & Tiernan Co., 

Turbines, Steam: 

DeLaval Steam Turbine Co 

Worthington Pump & Mach. 

Turbines, Water: 

DeLaval Steam Turbine Co 

Valve Boxes: 

ee B. Clow & Sons 
Ford Meter Box Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pacific States Cast Iron Pipe Co. 

Rensselaer Valve Co, 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valve-Inserting Machines: 

\. P. Smith Mfg. Co. 

Valves, Altitude: 

Golden-Anderson Valve 


Inc. 
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Inc 


Corp. 


Specialty 


Co. 
Ross Valve Mfg. Co., Inc 
Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 
James B. Clow & Sons 
Crane Co. 
M. Greenberg’s Sons 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
Rk. D. Wood Co, 
Valves, Detector Check: 
Hersey Mfg. Co. 
Valves, Electrically Operated: 
Belco Industrial Equipment Div. 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mig. Co. 
Golden-Anderson Valve 


Co. 
Kennedy Valve Mfg. Co. 
M & H Valve & Fittings Co. 
Mueller Co. 
Vhiladelphia Gear Works, 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
Valves. Float: 
James B. Clow & Sons 
Golden-Anderson Valve 


Specialty 
Inc 


Specialty 


Ross Valve Mfg. Co., Tac. 
Valves, Gate: 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg Co. 
Dresser Mfg. Div. 
Jones Co. 

ennedy Valve Mfg. Co 
M & H Valve & Fittings Co 
Mueller Co. 
Pacific States Cast Iron Pipe Co. 
Rensselaer Valve Co. 
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A. P. Smith Mfg. Co. 
R. D. Wood Co. 


Valves, Hydraulically Oper- 


ated: 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co 
Golden-Anderson Valve 

Co. 
Kennedy Valve Mfg. Co 
M & H Valve & Fittings Co. 
Mueller Co. 
Philadelphia Gear Works, Inc. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. 
Valves, Large Diameter: 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co. 
Kennedy Valve Mfg. Co 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. 
Valves, Regulating: 
Crane Co. 
Golden-Anderson Valve Specialty 


“Specialty 


Co. 

Ross. Valve Mfg. Co 

Valves, Swing Check: 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve 
Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

4. P. Smith Mfg. Co. 

R. D. Wood Co 

Waterproofing 

Dearborn Chemical Co. 

Inertol Co., Inc. 

Water Softening Plants; 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

Hellige, Inc. 

Wallace & Tiernan Co., Inc. 

Water Treatment Planta: 

Allis-Chalmers Mig. Co 

American Well Works 

Belco Industrial Equipment Div. 

Chain Belt Co 

Chicago Bridge & Iron Co 

Dearborn Chemical Co. 

Dorr Co. 

Hungerford & Terry, Inc. 

Infilco Inc 

Permutit Co. 

Pittsburgh-Des Moines Steel Co 

Roberts Filter Mfg. Co 

Walker Process Equipment, 

Wallace & Tiernan Co., Inc 

Welsbach Corp., Ozone  Processe- 
Div 

Worthington Pump & Mach. Corp 

Well Drilling Contractors: 

Layne & Bowler. Inc 

Wrenches, Ratchet: 

Dresser Mfg. Div 

Zeolite; see 
Materials 


Speciaity 


see 


Inc. 


lon Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by A.W.W.A. Associate Members appears in 
the 1950 Membership Directory. 
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INERTOL PAINTS 


specified at Atchison, Kansas, water works 


Ramuc Utility, a chlorinated 
rubber-based enamel, adds a glossy 
durable finish to ceilings. Sub- 
merged concrete surfaces take 
sturdy Torex enamel. Torex pore- 
free surface cleans easily, prevents 
mud-ball formation. 


CASE HISTORY 4692 


Concrete and metal sur- 
faces, submerged and 
non-submerged, stay at- 
tractive and safe with 
durable Inertol coatings. 
Each Inertol Paint was 
developed especially for 
water works use. 


Chosen by Consulting Engineers Black and Veatch 
for durability, economy and beauty 


@ No “buts” about it ! When engineers Black 
and Veatch of Kansas City. Missouri, wanted 
paints that would really measure up—deliver 
long-run economy that means full customer 
satisfaction —they specified Inertol coatings. 
Inertol Paints far exceeded their specifica- 
tions for hardness, elasticity and water- 
resistance. And these experienced engineers 
knew, too, that superior Inertol products 


have been proved in thousands of installa- 
tions all over the country. 

Inciuded in the Inertol line are coatings to 
meet your precise requirements. Get the full 
story from an Inertol Field Technician. Or 
send today for our “Painting Guide.” Spec- 
ification Writers, Design Engineers, Plant 
Superintendents and Contractors have found 
thisconcise pamphlet invaluable. And it’s free ! 


INERTOL CO., INC. 


484 Frelinghuysen Ave., Department 1 


Newark 5, New Jersey 


27 South Park, Department 1 
San Francisco 7, California 
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‘The Symbol for Service, Quality 
and Performance in Water Meters P 


STEEL 


in all Rockwell 


Disc Meters anctic rvee 


A bron eter with 
TROPIC TYPE breakable frost 


All-bronze, split 4 bottom 
case construction 


ALL THESE VITAL PARTS 


NOW STAINLESS STEEL 

4 

( You can’t beat stainless 
steel for corrosion resist- 
ance and durability. That’s 


DISC SPINDLE... 


DIAL FACE ON 
STRAIGHT READING | © | why you find stainless used 


REGISTER . . . in Rockwell Disc meters 

wherever these superior 

GEAR TRAIN SCREWS qualities are required. It’s 

+f just another indication of 

the high standards that 

DIVISION PLATE .«. B Rockwell engineers into 

meters—another reason 

why Rockwell meters last 

STUFFING BOX SPINDLE it longer and are so eco- 
nomical to repair. 


DRIVING DOG .... 


ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH 8, PA., + Atianta * Boston * Chicago * Houston * Kansas City 
los Angeles * New York ¢ Pittsburgh * San Francisco ¢ Seattle * Tulsa 


=> =\\ 
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Just Like a Fingerprint... 


Kansas City’s Treatment 
of water from the “Big Muddy” 
is Different 


Problem at Kansas City, Kansas, was to provide more and better water 
for municipal and industrial use... using as raw material the highly 
turbid waters at the junction of the Kaw and Missouri Rivers. 

Initial treatment consists of removing approximately 95°, of the 
turbidity in Dorr Pre-Sedimentation Clarifiers. Following the addition 
of chemicals, major treatment takes place in two Dorrco Flocculators*, 
each in a basin 95 ft. x 84 ft. Effluent from the Flocculators goes to four 
125 ft. Dorreco Squarex* Clarifiers for quiescent sedimentation. Second- 
ary treatment is provided by two Dorrco Flash Mixers for secondary 
chemical mixing before final clarification. 

This installation is a good example of Dorr’s ability to build water 
treatment equipment designed to accomplish a specific end result. And 
it doesn’t matter whether they’re conventional installations or high 
rate ...all Dorr equipment is designed to provide continuous, positive 
sludge removal and minimum water loss. 

Many types of Dorr equipment are described in Bulletin No. 9141. 
We will gladly send you a copy. THE DORR COMPANY, Barry Place, 
Stamford, Conn. 

Every day, nearly 8 billion gallons of water are treated by Dorr equipment. 

*Reg. U.S. Pat. Off. 


Batter tools TODAY te mast tomorrows. demand 


THE DORR COMPANY ENGINEERS ° CONN. 


Offices, Associated Companies or Representatives in principal cities of the world. 


\ 
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i . 
> 
"DORRCO + 


Jointed for .. . 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—-but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


— 


Thus the “‘jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—-but that it improves with age. 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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